UNCLASSIFIED 


.n  285  864 


ReftMOMced 
luf.  the 


ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 
ARLINGTON  HALL  STATIC 
ARLINGTON  12,  VIRGINIA 


THE  ORIGINAL  PRINTING  OF  THIS  DOCUMENT 

CONTAINED  COLOR  WHICH  ASTIA  CAN  ONLY 
REPRODUCE  IN  BLACK  AND  WHITE 


UNCLASSIFIED 


Best 

Available 

Copy 


NOTICE;  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  ^atsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


UNITED  ^ 
STATES  iO 
AIR  Oi 
FORCE  Oi 


^■<1 

g:) 

'4Z,. 


C 

C‘ 

ic;f  ■ 

h 

*cC 

e‘ 


THE  UNIVERSITY  OF  CHICAGO 


USAF 

RADIATION 

LABORATORY 


JAT.  COi 


f'.C.'T.OR 


ALL 


QUARTERLY 
PROGRESS  REPORT 


M  V 


II 


'  I  !  /i 

nr-f 


:-'’ni363 


REPORT  NO._ill_ 
COPY 

m  1  5  1963 


DATE. 


THE  UNIVEl^ITY  OP  CHICAGO 


U3AP 

RATIATIOH  UBORATORY 
QUARTERLY  PROGRESS  REPORT  NO„  U6 


JANUARY  15?  1963 


Coatracfc  Noc  AF  la.(609)-l693 

A  contract  between  the  Uni-varsity  of  ChifMgo  end  the  School  of 
Aerospace  Medlolnej  Aeroapaco  Mediccul  Diviolon  (APSC)* 
United  Sta-tes  Air  Porcev,  for  roseardi  cn  certain 
blologlcel  and  medical  aspecU*  of  atomie 
energy  •• 


Kenneth  Po  DoEoiOp  Diroctor 


I 


TABX£  OP  CONTENTS ' 

Pago 

THE  EFFECTS  OF  lONIZZNa  RADIATICNS  ON  THE  BIOCHQIISTRT 
OF  KAHMALIAN  TISSUES 

1 4  The  iBfltisnco  of  Xoirradiatlon  on  the  Reduotaeo 
AotivltF  of  the  Livers  of  Rats  (Kstmeth  Po  DoBols 
sad  Bernard  Hlotbrihk)  . . . .  1 

II9  Itafluanoe  of  X<»irradlatlon  and  a  Nitrogen  Huetard 


on  tho  OsveloFaent  of  a  Thlophosphate^^Oxldislng 

Ensjnts  S|]rBt«B  Ito  the  Livers  of  Yoting  Kale  Rate 

(Bernard  Eo  Hietbrink,  Marjorie  Kesh^ri  and 

Kenneth  Po  IXiBols)  . . . . . . . . .  1$ 

nio  The  Influence  of  Various  Chemical  Conpounds  on 

Radiationoindueed  Changes  In  Ensyno  Activities  in 

Certain  Rat  Tlsaues  (Bernard  Ss  Hletbrink  and 

Marjorie  Keehsilrl)  . . . . .  26 


THE  INflUENCE  OF  EXPOSURE  TO  LOW  LE7E1S  OF  QAMMA  OR  PAST 
HI'UTRON  IRRADIATIOfI  ON  THE  LIFE  SPAN  OF  ANSMAIS 

lo  Modlfioatlon  and  Bosimatr/  of  tho  FlutoDiua»Berylliun 
Neutron  Irradiation  Faoili^  (Jo  Doull,  Ad  Sandberg 


Skid  Do  Oo  Oldfield)  ........ ...*.o.»»dc>  3^ 

IIo  Effect  of  Dose  Rate  on  Life  Span  Shortening  of  Mice 
Exposed  to  Chronlo  Lou  Level  Fast  Neutron  Irradl« 
ation  (A«  Sandberg  and  J»  Doiill)  . . .  ll5 

!IIo  Studies  on  the  Toxicity  of  Rare  Earth  Compounds  and 
Thoir  Influence  on  Radiation  Letlwlity  (David  Wo 
Bruce  and  Kenneth  Po  DuBoie)  . . . . .  5U 


IVs  Histological  Findings  in  the  Blood  Vessel j  of  Rata 
and  Mice  Exposed  to  Acute  and  Chroid.c  X-^irradlatlon 
Whllo  Fsd  Various  Synthatlo  High  7at  Diets 
(De  Vesselinovitohj  Ro  Vfo  Winsler^p  Jo  Meskauskas 
and  J o  Doull )  0..0.0. ..................o  63 


Fi  ARKACOLCGIOAL  AND  TOXICOLOOICAL  CCMPOUNDS  AS  IROTECTIVE  OR 
TIERAPEUTIO  ACliSlTS  AOAHJST  RADIATION  INJURY  IN  EXIERIHEMTAL 
AUIMAIS 

lo  Tho  Influence  of  Various  Chemical  Cooqpounds  on  Radi-^' 
ation  Lethality  in  Mico  (V«  Flaak^  Ho  Root  and 
J  D  Doull)  C0....4...*..O««.«..b.o..  ..DO 

(over) 


TABM  OP  CCNTEJ3TS*.»ContlJiuod 


Pbrthsr  Stadleo  on  tbo  Mechttnlsn  of  Radioprotootlor 
Afforded  by  Cyanide  and  Various  Hltriloo  (Jo  DUley 
and  J o  Doull) 


nio  Radloprotootlva  Effecta  in  Proton^l’rradiatod  Kioo 

Pnstroatad  f?ltb  Clicsaiical  Protectorin  (Do  Go  Oldfield^ 

Jo  Doxillj,  Vo  Plsakf  Ac  Enoogam  and  An  Sandberg)  og<>..9«  I3I1 


THE  SnSCTS  OP  lONlZIIiS  RADIATIONS  ON  THE  HIOCHEafXSTRX 
GP  KMDfALIaN  TBSDES 

le  Th«  Influance  of  X-irradlation  on  the  Reductase  Aotlvl^ 
of  the  ILlTera  of  ftaio  ' 


Kenneth  ?o  DuBoie  and  Barnard  E»  Mietbrink 
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measuring  ihe  rebuctaee  f.o^ivity  of  ^oosanallon  tiocues  and  application  of  the 
method  to  a  studly  of  the  effects  of  x-irradiation  on  the  activity  of  this 
onsyne  in  the  livers  of  young  ratSo 

Itnaediate  or  ultimate  eppllcation  of  the  r-csultet  The  present  i»-> 
vestigation  consil tutus  a  continuation  of  syeESat'io's^dioa  on  the  offsets 
of  ionloliig  radlationo  on  the  onzymatio  reactions  of  nanuoal  ian  tiaoueo  which 
have  boon  In  progreaa  In  this  laboratory  for  aevora?.  years »  Daring  the  past 
few  montiis  our  attention  has  been  dlrootnd  toward  n  study  of  individual  steps 
in  the  hydrOi^en  transport  oystem  as  a  remit  of  tho  finding  that  the  develop‘d 
neut  of  a  detoxification  syotcni  in  tlio  micioocmo  fraction  of  the  livers  of 
young  rata  Is  inhibited  by  Icr.r  dosos  of  -irradiation.  Tho  oxidative  re¬ 
actions  concoJ.Ticd  with  druj.'  notebclinn  ii'.  the  liver  laicroso-aoB  require  tt  - 
duced  trlphecphopyrldlno  miclcotido  or  diphoophopyriciino  naclcotido  for  thair 
activity.  The  oxidation  of  chemicals  by  micro acme  enzymso  trkos  placa  vin  a 
multi-step  ensyna  system.  In  cn  attempt  to  obtain  irJ'onsmtion  on  tho  exact 
site  of  action  of  radiation,  a  study  was  undertaken  on  the  individual  slope 
in  the  hydrogvin  transport  cysto:.:.  In  soao  it  liao  teen  necessaiy  to  da- 

volep  aosay  methods  ;ipplic«ble  to  tho  t5i?sues  of  rit>rinal  and  Irradiatod  anlriplo 
to  study  the  various  stops  of  tho  overall  reaction ,  The  f  indixjgo  which  h..vo 
been  nad.-s  during  thir  t'txi.dy  have  practical  npplioctien  with  respoot  to  th> 
ability  of  irradiatod  aiiin^  to  dotoxUy  drugs  and  other  forol^  ohemiCi.Jc. 

It  is  anticipated  that  firthcr  studies  on  tlw)  sxact  site  of  action  of  radi¬ 
ation  as  an  inhibitor  of  tho  developaont  of  nici'csome  enzymes  in  young  aniuials 
may  contribute  basic  irformaticn  on  the  biocl'.rjivLcal  effects  of  radiation  wlrleh 
has  not  yet  bean  obtained  by  studying  iho  actienc  of  ioniring  radio  bioiia  on 
tissueo  of  adult  Dnit3a?.c., 


ErLdonce  that  sulslcthal  doces  of  x-irrcdlation  have  a  marked  Influ- 
once  on  tho  dovulopjsont  of  cncynes  concerned  ;»lth  tto  nntal'.ollssa  of  fji'eiir. 
chemicals  hr  tin  liver  was  obtained  in  trJ.a  laboratory  oevcral  uontb:;  ago  (1). 
Tho  initial  evidence  along  this  line  car.e  from  moamiremcnta  of  the  toxicity 
of  a  cholincrglo  organic  phoephato  to  irradiated  end  nozusl  young  rata.  Ih 
th©  noi/aoL  o'iLsoIe  tlw  U^n  of  the  orgnrAc  pho:;p!iato  vao  15  for 

23'-r3ay  old  raos  end  at  uir^  unya  of  ego  tho  vnluo  wan  210  cign. /kgs..  Thor©  xsai; 
conaldorablo  evidonoo  from  a  provJ.ouB  stitcly  by  Du3o3n  and  Pcchala  (2)  that 
the  acquisition  of  reaistance  voa  duo  to  tho  dovelopnent  of  a  dotoxificaticri 
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0jat«i  in  ttw  liTsrs  of  young  nalo  rats*  A  direct  approach  vaa  then  under^^ 
taken  to  invaatigation  of  the  poaalblllty  that  irradiation  inhibita  tho  de- 
Talopnant  of  detoxification  ensynea  in  the  nicroaone  fraction  of  the  liver 
(3).  nw  initial  exparlaenta  (3)  eonaiated  of  meaa^nremante  of  the  rate  of 
deaulfuratim  of  phoaphorothioateac  Thia  oxidative  reaction  la  catalysed 
by  a  nieroacne  o:ddaae  and  ita  dovolopnent  to  the  adult  level  oocara  gradu¬ 
ally  daring  the  firat  six  voeka  after  birth  of  nale  rats  (U)«  Rats  exposed 
to  200  r  or  UOO  r  of  radiation  at  tlie  age  of  23  days  failed  to  exhibit  the 
increase  in  enayne  aotivity  to  the  adult  level  that  notstally  occurs  betueon 
the  ages  of  23  and  hS  days  (3)«  Bvidenco  was  obtained  that  thia  effect  vao 
not  dne  to  prolonged  atarvation  or  to  a  deficiency  of  reduced  triphoapho- 
pyridine  naclootide»  Althou^  toatoaterono  atfioulateQ  tho  developcoent  of 
tha  enayne  syeten  i$)  In  ttn  livers  of  nale  ratSf  shielding  the  testoa 
during  irradiation  did  not  prevent  the  radiation-induced  inhibition  of  de¬ 
velopment  of  the  ensyne  ayateao 

Kletbrink  et  alo  (6)  rocontly  enployed  partial  body  shielding  to  ob¬ 
tain  infomation  oaTtKoT gross  site  of  action  of  radiation  in  conneotlon  with 
the  inhibition  of  the  development  of  nioroaone  oxldaaea.  These  oiqperiaKmtB 
demonatrated  that  irradiation  of  only  the  liver  area  does  not  inhibit  develop¬ 
ment  of  the  ensyne  syoton  In  contrast  to  the  marked  Inhibition  resulting  from 
vhole  body  irradiation^  Since  diioldlng  tbs  testes  did  not  prevent  the  in¬ 
hibition,  it  appears  that  tlsoues  other  than  tho  liver  and  testes  are  able  to 
supply  a  aabstonoe  needed  for  the  nomal  devolopmont  of  liver  aierosone  ensyne 
aystemav  After  vhols  bo(]^  irradiation  all  aouroes  of  this  unknown  aubstanoo 
art  apparently  deatroyedo  This  finding  suggocts  the  possibility  that  the 
findlnga  made  with  respect  to  devolopnent  of  detoxification  ensynes  in  the 
liver  of  Irradiated  animals  niy  apply  in  eomd  manner  io  other  tl8suea>  Tlio 
substance  irMcli  other  Ussuos  are  apparently  able  to  supply  to  the  irradiated 
liver  night  also  be  involved  in  tho  synthcois  of  ooao  enzyme  system  In  tho 
other  tissues^. 

The  findings  described  above  stimulated  our  interest  in  further 
studies  aiiuod  at  finding  tlia  exact  site  of  tho  ladiatlon-lnduced  dafsot  in 
the  development  of  microsenw  ensymesu  Since  -i^ho  citalytio  action  of  these 
eneymes  depends  upon  a  source  of  roducud  pyridLi\e  nuclaotidoe  generated  by 
coensTne^  linkod  dehydrogomss  syntsms,  it  eoeri'.od  rccsonable  to  initiate  our 
studies  on  the  indivldu^  steps  of  the  reaction  by  cLscertoining  whether  radi¬ 
ation  inhibits  the  fomatlon  of  reduced  triphof-phopyrldine  tAiolrotidSi.  For 
this  phase  of  the  Investigation  tho  oxidation  of  glucose-6-phosphate  ar4 
6-phosphos^uoonic  odd  VOS  studied  (7)«  Tho  dehydrogenases  which  catalyse 
the  oxidation  of  both  of  those  cotqjounds  roquire  tripluosphopyridine  nucleo¬ 
tide  and  the  roactions  oan  sei^ve  so  a  sourco  of  tho  radvroed  coenayme*  P>Arther 
interest  was  ganoratod  by  a  report  (8)  that  lethal  doses  of  radiation  inhibit 
these  dehydrogennses*  Ifothods  wore  developed  using  a  tetrasollun  (i^e  as  tho 
hydrogen  acceptor  from  reduced  trlphosphopyridine  nucleotide  thus  eliminating 
the  terminal  steps  involving  the  Kicroeeme  oxidases  and  other  systesa  capable 
of  oxidizing  triphoephopyridins  nucleotide^  The  results  of  meaauremsnts  of 
gluc03e-6-pho!]phato  doh^rogeinse  actixdty  dcmcnntrntod  that  800  r  of 
x-irmdiation  cauoes  seme  inhibition  of  tho  sjusyfio  activity  but  it  did  not 
exceed  liO,<  in  any  tlscue  and  was  thus  inaufficlent  to  account  for  the  marked 
inhibition  of  tho  mlcrosonMs  ensyms  Dyotemao  The  6-i^o8phOKlttconlo  acid  de¬ 
hydrogenase  activity  was  likotrise  Ir.hibitod  but  tc  less  than  30%  in  the  li’.cro 
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of  adult  rata*  Neaaaromenta  vara  alao  aada  (9)  of  tha  affaet  of  x<^irradiatlon^ 
on  tha  gluooaa-6»phoaphata  daltydroganaaa  aotivltgr  of  tha  Uvera  of  rata  trm 
23  to  39  dajra  of  ago*  In  oontraat  to  the  nloroaoae  oxidBaa  activity,  the  ao-* 
tlvitgr  of  tlilB  anayaa  reached  tha  adult  level  hy  2$  daya  of  age*  S^aura  of 
rata  to  UOO  r  had  no  Inhibitory  affeot  except  to  delay  tho  ineraaaa  in  tha 
anayaa  activity  to  tha  nomal  adult  level  by  about  two  daya*  It  waa  clear 
froai  thaaa  axparlnientB  that  x>»irradlation  doea  not  Inhibit  pyridine  nuoleotide- 
linked  dahydroganaaaa  to  a  auffioient  extent  to  account  for  tha  narkod  affaet 
by  radiation  on  nieroaona  oxidaae  aotlvity* 

Aa  a  oontinuation  of  axperlnonta  directed  toward  attenpta  to  eluci¬ 
date  the  aita  of  action  of  x-irradiation  on  the  davalopment  of  liver  aioroaoma 
anayMB,  wa  have  Inveatlgated  the  raduotaee  aotlvity  of  the  livera  of  young 
nonul  and  irradiated  rata*  Tho  reduetaao  system  utilises  reduced  triphoapho- 
pyridlna  nucleotide  (10)  and  is  present  largely  in  the  nlcroaome  fraction  of 
tho  liver*  The  present  report  doecribes  the  dovolopeient  of  a  quantitative 
assay  procedure  for  meaouilng  tho  rodcetase  aotlvity  of  animal  tissues  and 
appllcetlon  of  the  method  to  the  livers  of  nomal  and  irradiated  rata*  Tho 
absanoa  of  an  affect  by  radiation  on  the  development  of  this  enayma  ayatem  in 
young  animala  Indicates  speciflolty  of  the  effect  of  radiation  on  the  develop¬ 
ment  of  certain  nicrosome  ensynesc 

Matariala  and  Methods*  Weanling  and  adult  Spragua-Davlay  rota  ware 
used  for  these  axperinanis*  Tha  animals  wero  ki^t  in  air*^nditlonod  rootis 
and  were  fed  Rockland  Rat  diet  and  water  ad  libitno* 

X-lrradiatlon  was  administered  as  single  whole  bo^y  oxpoeures  with  a 
a*  E.  Maxinar  Therapy  tftilt*  Tho  radiation  factors  were  250  K7P,  15  ma.,  0<25 
mm*  Gu  and  1  na*  A1  added  filtration*  Tho  target-animal  distance  wan  75  cm* 
and  the  dose  rate  was  35  r  to  39  r  per  minute* 

The  Bieasurement  of  reductase  activity  was  made  by  the  method  developed 
during  the  course  of  this  stuify*  TIm  details  of  the  procedure  and  tho  oxpori- 
mants  that  were  conducted  to  select  the  optimum  conditions  for  the  assay  are 
described  in  this  report* 


Results 


Dey^onaent  cf  a  gum titativa  assay  proeedu^  for  measuring  ttie 
duetaae  ac¥i^y  '(^  animal  tissues*  Fouts  and  )5ro<!lie' (lo)  have  atuclled  CEe 
properties  of  a  reduciaae  system  which  catalyzes  the  oonveroion  of  nitro 
compounds  to  corresponding  eminee*  They  found  that  the  ensyna  aysten  is 
present  in  both  the  soluble  supernatant  from  which  the  moloi,  adtoohondrla 
and  mioroeoaes  are  removed  and  in  tho  mioroeomes  of  liver*  After  dialysis 
tha  enayme  raquired  the  addition  of  reduced  triphoaphopyrldino  imelaotide 
(TFN)  or  a  system  capable  of  generating  reduced  TRI„  Their  Initial  studies 
were  oonduoted  on  rabbit  tissues  and  on  tte  basis  of  sjqMrimsnts  on  tiasuee 
from  this  epeoies  they  devised  an  assay  system  which  was  apparently  eon- 
eidered  to  be  quantitative  since  it  vea  used  to  measure  tissue  distribution 
of  tha  enayme  in  rabbits  and  to  studly  speoles  differences  in  rednotaaa  ac¬ 
tivity  of  tha  liver*  However,  before  using  thair  mstbod  in  our  studias,  it 
eeemed  desirable  to  ascertain  whether  it  was  a  valid  acsoy  for  ensymo  aotlvity 


pftrtleolarly  In  Tiw  of  the  extranely  high  anonnte  of  liver  (0«$  and  1*0  gn. ) 
and  the  hitfh  level  of  nlootlnanide  (100  nleroBolee)  whioh  th^  need«  Their 
report  (10;  provldee  no  evldenoe  that  experlnente  tmve  omdaoted  to  detendne 
the  eptlaun  oonoentratlon  of  each  oonponent  of  the  reaction  mixture. 

,  Sb  our  Initial  eiparlmenba  a  ayatvn  eaeentlally  the  eane  as  that  of 
Fouta  and  Brodle  (10)  eas  need  except  that  $0  and  100  mg.  of  vhole  ret 
liver  henegenate  vaa  eagiloTed  and  the  reaction  ima  carried  out  In  a  final 
voluM  of  3  m.  Instead  of  5  Fonltrobenacle  acid  vaa  employed  as  the 
Sttbatrate.  Ita  ensTnatle  reduction  yie3.ds  p<^«alnobensole  acid  which  can  be 
measured  oolorlmetrloally  by  the  diasotltation  procedure  of  Bratton  and 
Karahsll  (11).  The  test  aystaai  used  for  our  Initial  experiments  contained 
0»$  alf  of  p^trebensoie  acid  (1  mpa./ml.),  0.$  ml.  of  nlootlnanide  (10 
agBu/d..)«  0»2$  ml.  of  ^uoose-^phosphato  (20  n^.A>l»)«  O.li  ml.  of  TFN 
(1  n0B./al»),  0.5  ml.  of  0.1  K  phosi-^hats  buffer  (pH  0.5  ml.  or  1.0  mlo 
of  3D%  vhole  liver  homogenate  and  eufficisnt  redistilled  water  to  make  a 
final  volume  of  3  ml.  The  oonetltuento  of  the  reaction  mixture  were  placed 
in  Warburg  vessels  and  gasoed  with  95^  nitrogen  and  CO2  for  five  minutes. 
After  a  incubation  equilibration  period  at  38*^  0.,  the  liver  homogO''' 

nate  vaa  tipped  from  the  side-am  into  tlu)  main  eospartnent  of  the  vossel  and 
the  Bilxture  was  incubatad  for  60  uinutes.  At  tho  end  of  tho  Incubation  period 
2  ml.  of  15%  trlOhloraeetio  acid  was  added  to  each  atanple.  Tlie  samples  were 
tranafsrr^  to  centrifuge  tubes  and  oantrlfuged  for  five  oinutes  at  1^500  rpno 
An  aliquot  of  the  reaction  mixture  (1.5  ml.)  was  then  analj^ed  for  free 
p-omlnobensoio  aold.  Under  these  conditions  no  free  p~anlnobansoio  acid  was 
found  In  the  raaetion  mixture  when  50  of  rat  liver  was  used  but  when  ICO 
lagft*  or  200  ngffl,  of  liver  vas  saployod,  nail  anicunta  t*f  p-cni’!cbe’'80ic  acid 
were  present.  However^  a  linear  relationship  was  not  obtained  between  the 
tlosne  level  and  the  onount  of  p-nltrobensoie  acid  which  was  reduced.  It 
seemed  possible  that  the  lack  of  linearity  night  be  due  to  acetylation  of 
the  p^inobsnsolo  ecld  end  that  a  higher  poroertag®  of  tho  fonaed  p-amino- 
benaolo  aold  was  aoetylated  with  the  lowest  tissue  concentrations.  Fouts 
and  Brodle  (10)  reported  that  acetylation  of  p^smlnobenzoio  acid  does  not 
occur  with  rabbit  liver  homogenates  and  they  assumed  that  it  would  not  oc¬ 
cur  under  the  esme  coxiditlons  with  liver  hamogenotes  from  othor  speoles.  As 
a  oonssqaenee  they  reported  extremely  low  reductase  activity  A>r  rat  liver 
end  attributed  the  low  activity  to  a  species  differences.  However,  we  found 
that  when  tha  reaction  mixture  was  8ub;jected  to  acid  hydrolysis  by  the  ad¬ 
dition  of  0.3  ml,  of  concentrated  l^ydrochlorlc  acid  followed  by  heating  in  a 
boiling  voter  bath  for  30  mirmtes,  about  ot  the  p-amlnobenaoio  aold  liad 
been  aoetylated.  Aftor  bydrolysls  tho  aaount  of  p-«mlnobensoic  aold  in  the 
reaction  mixture  wao  otrlotly  dependent  upon  the  anount  of  tissue  in  tbs  re¬ 
action  mixture^ 

Aftor  eoopletion  of  tha  exparlucnts  deesribed  above,  it  was  possible 
to  carry  out  additional  tests  to  asoertnin  the  optimum  oonoontrations  of  tho 
various  co^ponsats  of  tbs  assay  system.  Zh  this  connoetlon  attention  was 
first  given  to  the  optisnim  nicotlnamido  oonoentratlon  because  it  seemed  un¬ 
likely  that  a  level  os  high  as  100  aioroRolss  wss  ncconsary  to  inhibit  tho 
breakdown  of  TPH.  Fop  this  experiment  53  mgE.  of  koraogenieod  rat  liver  was 
used  in  the  test  system  described  above  and  tho  nicotinamide  concentration 
was  varied  from  0  to  5,000 At  the  end  of  tho  60-aimte  reaction  period 
2  ml<.  of  1$%  triohloraostlo  acid  was  added.  The  reaction  mlxturo  was 


omtrifdgtd  and  allquota  wara  uaed  to  meaaora  fraa  and  total 

pnaiinobanaoio  aold.  Tha  raatlta  of  thla  a:q)arijunt  ara  etDanarlBed  in 
Tabla  1. 


TABU5  1 

INFLDENOE  OF  VARIOOS  MICOTINAHIIIB  IE7EL3  ON  THE 
REDUCTASE  ACTlVin  OF  RAT  LIVER  HOMOGENATES 


Hlootlnaaida  Concentration 


Roduotaaa  AetlTltgr 
(ji30a.  of  p^Amlnobansolo 
Aeld  FormadAOO  Kgn«  of 
Liver/Hour 


Free 

Total 

0 

7*0 

3I1.6 

100 

6.8 

3luh 

250 

6.6 

3lu0 

500 

6.6 

32.0 

1,000 

6.6 

26.U 

2,000 

6.0 

25*2 

5,000 

2.0 

, 

17.0 

i 


Tha  data  in  Table  1  ahow  that  it  vas  not  naoesaary  to  add  aqjr 
nlootlnanlde  to  a  rat  Uvor  homogenate  syotem  containing  $0  ngn*  of  liver 
and  UOO  of  TPN*  The  aotivity  was  just  as  great  in  the  abcezuse  of 
added  nicotlnamido  as  it  was  when  100,  250  or  500  jogn..  were  added*  Of 
eonaiderabla  algnlfloanoe,  however,  vac  tha  finding  that  high  ooncentratlons 
of  nlcotinaraide  exert  a  depressant  effect  on  rednetese  aetii^ty.  A  lovA 
of  5,000  of  nlootinamide,  idiich  is  tiio  amount  used  by  Pouts  and  Brodio 
(10),  depressed  the  ensjne  activity  by  $0^  aa  compared  with  the  aotlrity  ob¬ 
tained  with  low  levelo  or  with  no  nicotinnBii^* 

Further  oxperlmor.to  wore  then  conducted  In  which  both  the  nicotinam¬ 
ide  and  the  TVf!  levela  wore  yarlod«  In  view  of  the  higher  aotivity  obtained 
by  decreasing  the  nicotinnmide  level  to  below  that  which  inhibits  the  ensTiie, 
it  was  possible  to  redaco  the  tissue  level  to  25  n{pii«  and  50  m^s  for  the 
duplicate  assays*  The  results  of  tlieso  Tiicaeuroaents  are  sumoarlsed  In  Table 
2*  These  data  Indioate  that  maxijnal  notivity  om^  be  obtained  without  the  ad« 
dition  Of  either  TFK  or  nioottnanlde*  Under  the  conditions  of  the  assay 
there  is,  therefore,  a  oufficient  quantity  of  endogonous  TFN*  The  eiqperlaeDtB 
also  ln(!Reated  that  the  aotivity  was  not  decreased  by  the  presence  of  various 
low  levels  of  TFN  and  nicotlnamido.  In  considaration  of  any  possible  appli¬ 
cations  of  the  assay  procedure  to  situations  in  which  there  night  be  a  de¬ 
ficiency  of  TFK,  we  selected  a  concentration  of  100  ugm.  of  TFN  and  100 
of  nicotinamide  for  the  assay  procedure  to  insure  ^t  TFN  would  not  beooite 
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th«  rato-lialting  cmpoomt  of  tht  sjrBtM  undor  any  eondltlons  that  vara 
anticipated* 


TABUS  2 

EFFECTS  OP  VARIOUS  LE7EI8  OF  TRIFHOSFHOFTRIDINB 
MUdSOripB  ASD  NICOriNAMIIE  OK  THE 
RESDCTASS  A0TIF2TT  OP  RAT 
LIVER  HCMOQENATES  • 


Triphosphopyridine 

Naoleotlde 

Concentration 

! 

Nicotinamide 

Concentration 

Reduotase  Aotlvity 
of  p^Aminobensoic 
Aoid  Fotned/lOO  ngm«  of 
Liver/Bour) 

Proa 

1  Total 

0 

0 

7.0 

33c3 

0 

50 

.  7.6 

32wO 

100 

50 

U^O 

3U,8 

100 

100 

9.3 

31.h 

Uoo 

50 

6.0 

3li*0 

Uoo 

100 

6.8 

3li*U 

Additional  oxperlnonts  on  the  optlnniin  conditicne  for  the  reduotaao 
oaoay  vere  condocted  in  ehlch  various  oonstituents  of  the  reaotion  medium 
vere  omitted.  The  results  of  these  seasurecnents  are  summarised  in  Table  3. 


TABUS  3 

ESSENTIAL  COKPOHEIITS  OF  T!]E  RETOCTASE  ASSAY 
81STEM  FOR  WR0I£  RAT  LIVER  HGMOOENATES 

Redttotase  Aotivitgr 

Sttbatanoe  Omitted  (nsm.  of  p-^Amlnobensolo 

*  AoldAOO  mBm,^onr) 


Nona 


p-Nltrobensolo  sold 
Liver 


Oluoose'^-phosphate 
Nieotlnamide  •  •  o  < 

TPH  . .  .  . 

Tm  and  nlootlnsaido 


32.U 

0 

0 

32*8 

33«U 

33*0 

32*8 


•  •  V  »  V  «  C 
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For  thato  expcrlMDto  tho  ooapleto  eTotem  o^tainod  $0  b0I«  «d  ICO  aggin 
of  livor,  5  n0B«  of  glaeoBe^^'-phosphato,  UOO^ugn^  of  TPR«  100  of 
nlootin&aldo  ond  0*$  ogno  of  p-nltrobenaolo  aoldo  The  enejms  aotlrlty  v^e 
o^reased  In  tome  of  the  total  onount  of  p-oBinobenzolo  aold  In  the  nedltra 
after  aold  hjrdrolyoiSu  A  reaction  tlbo  of  6o  ndmtea  wae  eeq^oyed*  The 
data  In  Table  3  ahotr  that  there  io  ^^o  p^oainobesieoio  aold  or  other 
capable  of  glaring  tho  color  rotucbion  far  p-minobenzolo  acid  praeent  in 
the  reaction  raijcturo  uhcn  the  substrate  is  o»ittod  froa  the  reaction  nlxturo 
and  there  Is  no  reduction  of  tho  m^bstrato  when  liver  le  cnitted  from  the 
test  S7stem«  Tho  activity  was  not  affected  wlion  gluoosG'-^opliosiAiate  wen 
emitted  indlceting  that  tharo  Is  ouffioler.iv  endogenouo  reduced  Tin  for  the 
reaction c  Similarly  TUT  and  nicotinardda  wore  not  needed  in  the  systeBu 
As  a  result  of  these  measurezstnts^  it  was  evident  tint  only  the  subetrate 
end  liver  were  essential  when  hmogenatee  of  normal,  adult  rat  liver  were 
asaayed  fur  reductaoo  aotivity<>  Kowevor,  glucceu-S-phoapIiate,  Tit!  and 
nlootinaDide  wore  added  to  the  cyctom  in  order  to  have  bettor  asouranoe 
that  tlvs  procedure  would  not  liavs  to  bo  oltorad  for  use  on  tlis  tissues  of 
immature  and  irradlatod  rats» 

After  establishment  of  toost  of  the  optimum  conditions  for  measure-^ 
sent  of  raduotaso  activity  of  rat  liver,  an  additional  esperiment  was  per^ 
fomad  to  aeleot  the  best  tlomio  levels  and  incubation  period.  The  capori-> 
mento  described  above  lad  indicated  that  amounts  of  liver  within  the  rango 
of  2$  to  100  mgm..  wero  ortisfactory  with  a  1-hour  ii^baticn  perlodo  To 
obtain  further  infomation  on  thaae  points  a  oos^xiriaon  of  tho  enayce  ac¬ 
tivity  wan  made  using  25,  50  and  100  mjyt,  of  whole  liver  homogenate  from 
male  rats  with  Inoubatlon  periods  of  30  and  60  minutes..  The  results  of 
tliio  ©JperJ-aenb  are  Guraraarizod  in  Table  li.  Tho  results  ere  eoeprossed  in 
tanas  of  tljo  to  tal  amount  of  p-.ffluLnobenjSOic  cold  in  the  medium  under  each 
carocriTBantai  condlticn  end  oo  the  tOTounl  por  100  ngn,.  of  tiscue  per  60 
sdiitttoB.i  Tha  rouultc  indicate  that  th®  activity  is  dependent  upon  the 
tiecuo  end  tho  incubation  time  The  ovily  deviation  from  linearity 
occurrsd  with  100  mgr..,  of  liver  and  c  60-minute  incubation  period.  On  th® 
baola  of  this  espeririont  wo  selected  a  60  -oinuto  reaction  time  for  all  oubse 
quant  experiments  t.  Two  tissue  levels  of  25  and  $0  ngp,  were  used  for  each 
assay  cn  the  livere  of  adult  animals  in  oubsequent  experiments,  Khan  tl:® 
activity  1(80  lower  eo  it  was  in  the  llrore  of  weanling  rats,  50  and  100 
of  liver  wei’©  used  ai-d  during  tho  age  period  when  tho  roductaso  activity  of 
the  llvor  vao  incrcaoing,  three  lovule  of  tlssuo  (25,  50  and  100  m^,)  were 
uaad. 


(bi  tho  basis  of  tlio  eoeporiaonto  daccribod  above,  tho  final  assay 
oystem  dovolopod  for  aoafiuring  the  raductaao  activity  of  anlinal  tissues  ''ni- 
talned  the  following  corntltusnts:  0,5  nl,  of ^-uitrobonBoic  acid  (1  agm,/ 
nlo}.  0-25  ml.  of  slucosc-6 -^osphato  (20  0*1  ml-  of  trii^spbo- 

pyridino  nuclootide  (1  iDepi-/ml,),  0*1  tile,  of -nicotinaulde  (1  ngn./ndc),  0^5 
ml,  of  Ool  M  phoaphato  buffer  (pH  7.:^U),  0..25  and  0-5  ml.'  of  IC^  whole  liver 
hCRogoncto  (25  mgDo  atxl  50  m^,},  and  roffloient  distilled  water  to  make  a 
final.  roluKo  of  3,0  ml..  The  raacticn  culture  was  placed  in  Warburg  vessels 
with  the  liver  in  th®  eid0-...im3v  Tha  vecoqls  wore  gaesed  with  95^  tiitrogen 
and  5^  carbon  dioxide  Ibr  fivo  minutes*  After  five  mimtos  equilibration  at 
38*’  C*,  the  liver  was  tipped  from  the  side-arms  into  tho  main  coopartmenta 
of  the  vessels  end  the  reaction  wan  carried  out  for  one  honro  At  the  and  of 
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thl«  ptrlod  2  of  trlohleraottle  add  van  addod*  Tho  oanplea  irat« 
plaood  In  eontrllt^o  taboo  and  ecntrlfbgod  for  five  mlimtoa  at  1»500  tjma 
Otao  allqaot  (!•$  nl*)  of  tlia  reaetlon  nlxtaro  was  uood  far  Hoaaaroaant  of 
tha  Moont  of  freo  p-ondaobonaolo  add  in  tho  medlua  and  anothor  1,$  ial« 
aliquot  vao  hgrdrolyaod  bgr  addition  of  0*3  b1«  of  coneontrotod  bgrdroOhlorio 
aoid  with  heatl^  in  a  bdllng  vator  bath  for  30  oimtes.  Tho  total 
adnebonaole  add  wao  aoaourod  on  thio  saagdOo 


TABIS  U 

VARUTIOM  ZH  REACTION  TIMB  AND  TISSUE  Um  ON  THE 
REDUCTASE  ACT17ITT  OF  THE  LIVERS  OP  AEOLT, 
KAI£  RATS 


1  Rsduotase  Aotivity 

Reaction  Time 

liver  (m0B«) 

(Minutes) 

ngi.  p*Andnobensolc 

uga.  p-Aminobenaoio 

^  Acid  Per  Sample 

AoidAOO  aig./Vlour 

5*6 

l4ha8 

50 

30 

10.6 

U2.6 

100 

22.3 

Ui.6 

25 

50 

60 

100 

HHmHI 

Rodnotaoo  aotivity  oT  tho  liroro  of  adolt  rata  and  mioo»  Tho  re* 
doetaao  aaoagr  piooodaro  woorlbod  ahoro  vaa  f Iroi  appliod  to  nMOttronents  of 
the  onejraa  aetidty  of  tho  livers  of  adult  and  feaalo  rata  and  to  tho 
livers  of  male  nieo«  For  the  so  moasurmehts  groups  each  containing  four 
aninala  ware  used.  The  anaajrs  voro  perfonaod  In  dupllcato  using  2^  and 
$0  n0B«  of  whole  llvor  hoBogenato«  Both  the  free  p 'aainobonaolo  acid  and  the 
total  anoent  after  tQrdrolysis  of  the  acotjlatrd  aaine  voro  measured*  The 
latter  value  gives  the  true  indication  of  reCuctaso  aotivity  and  tho  differ  > 
enco  botmon  tho  total  and  free  p-snlnobensoio  acid  ropresonts  tho  amount 
oonjugatod  presumably  by  aootylation.  The  results  of  these  insasurmBontB  are 
sunoariaed  in  Table  5  where  tho  average  and  range  of  values  are  presantedo  It 
may  be  soon  from  these  data  that  the  IndlviduBl  differences  in  enapme  activity 
mere  small.  There  vae  no  sex  difference  in  the  activity  of  the  ensFme  in  rat 
liver.  This  finding  may  be  oontrasted  vith  the  2  to  3*fbld  hi^er  activity 
of  oertaln  oxidative  ennniies  in  tha  liver  micrcccmes  of  male  rats  than  ih  fo* 
males  (5)* 

Other  investigators  have  ropoxi;*d  (10)  that  the  reductase  aotivity  of 
rat  liver  is  extremely  low*  They  obtained  only  0»17  /IN  of  p-aminobeneolc  sold 
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froa  iaevOMtlon  of  p>«ltrobensolo  oeld  with  $00  apa*  of  lirtr  for  throo 
hooni.  Wm  ovr  rooults  «ro  ooleulotod  on  tbo  sano  boaiOf  wo  obtain  3«1 
/M  of  p<-Mdnobonsole  aoid  which  la  18  tlnaa  tha  aetlwltgr  raportod  bgr  foata 
and  Brodia  (10).  Thaaa  linraatlgatora  alae  raportad  that  nonaa  Utar  haa 
about  Bino  tlnaa  higher  aetiwl^  than  rat  Utar  in  contraat  to  tha  abaanea 
of  a  apaolaa  diffaranoa  In  our  oacparlnentd*  Slnca  thagr  did  not  taka  Into 
oonaldaratlon  tha  aoatgrlatlon  of  p-oainobonaolo  aold  or  tha  dapraaaant 
action  of  lavale  of  nleotinaid.de«  tha  validity  of  thalr  oonelnalana 
la  doobtfnlt. 


tlBlS  $ 

REDUCTASE  ACTI7m  OP  THE  LITERS  OP  ADULT  RAIS 
AMD  MICE 


Radaotaaa  Activity 

^)gn<  p^^ainobenaolo  Aold/100  Bpi«^our) 


Speolea 

1 

Sen 

1 

Free 

Total 

Average 

Range 

Average 

1  Range 

Malea 

IQh 

(7.5-9.3) 

28.7 

(27.C-30.0) 

Ibnalea 

(7.6-10.7) 

29.6 

(28.6-30,6) 

pm 

Malea 

(10.7-1?.7) 

28cU 

(25c9-29o9) 

Rato  of  davalopant  of  radoctaao  actlTity  to  toe  ^yara  of  youy 
mala  ratgo  fo  aacertaln  whethor  tiio  rodacta'ae  acfclviliy  of  the  li^r  or 
young  rata  incroaaaa  during  the  period  prior  *^10  six  wedka  of  age,  aeaaya 
were  oonduoted  at  intorrole  from  22  to  U2  daya  of  agoc  Tha  reaulta  of 
theoe  neaeoreBMnta  are  suBBiariaed  in  Table  6  where  the  aTorage  and  range 
for  groupa  of  four  anlaals  arc  prosentod.  The  reeulta  are  alao  ahovn 
graj^eally  in  Figure  1.  Theea  aeaaya  demonatrated  that  the  radaotaaa  ac¬ 
tivity  of  tha  liver  ia  leoe  than  one-half  the  nonsal  adult  level  at  22  daya 
of  age.  The  activity  Inoreaaea  at  a  relativety  rapid  rate  and  reaohea  the 
nom^  adult  level  ty  3$  daya  of  ago* 

ftfluanoe  of  UOO  r  of  idwle  b^  x-lrra^tlon  on  the  dayeloiaent 
of  reduotaaa  activity  in  the  livere  of  yofung  nale  rate.  ^  inflaeaaM  oi 
x-lrradiation  on  the  davelopniaDt  of  rodnotaM  aotl^^y  in  the  livere  of 
young  nale  rata  waa  aeaeared  on  three  groiQ>8  each  containing  four  young 
rata.  All  of  tha  aniaols  vero  irradiated  at  .23  dsya  of  ago  when  re- 
duotaae  activity  waa  about  oner^half  of  tho  ncraal  adult^  level.>  Om  group 
of  anixela  waa  eacrifleed  at  31  daya  of  Age,  another  group  waa  aaortfle^ 
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T1B12  6 

RliTB  or  OSTELOFKSHT  OP  REIXJCTASB  ACTKm  IN  THB 
U7ENS  OP  TOONO  KAIS  RATS 


A8»  (Days) 

ReduotAM  AotiTl^ 

(fi^,  p-nlndiioboritolo  Acld/lOO  ngn./touir) 

Free 

_ 1 

Total 

Averege 

Range 

j  A-rerage 

Range 

22 

lt«5 

(3.2-5.5) 

11.6 

(13.8 -15o5) 

26 

6.7 

(6.2-7«2) 

(18.9-204) 

30 

8.6 

(8o2-9c6) 

(23.6-284) 

35 

11«5 

(ll.l-12o0) 

35.1 

(33.2-36.5) 

la 

8.9 

(8.1-9o3)  1 

30.5 

(29.0-32.0) 

u 


UfQrs  of  t.go 


Figure  1«  Rat>o  of  devolojaieivi  of  reductec©  ecfciTity  In 
tiia  livoro  of  young  aalo  vctec 


X2 


at  3$  daya  of  ago  and  tha  third  group  aaa  oaeriflood  at  ItU  daya  of  age. 
Tha  oYorago  and  rango  of  aaluaa  for  tha  rodoetaao  aetlvl^  of  tha  Uroro 
of  thaaa  aniaala  la  ehonn  In  Tablo  7* 


miat  7 

mrUaiCB  op  UOO  r  (V  X^T  oh  the  ISETBLOFIIEIff  op 
REOOCTASB  A0TIVZT7  IN  TUB  LZVESS  OP  TUiniQf 
Mils  RATS 


Ago  at  Tima 
of  I>toy 
(Dtyt) 

Age  at  Tina 
of  Saorifleo 
(D^) 

Time  of  Sacrifice 
After  X^ray 
(Days) 

Redoetase  Activity 
(^2^.  of  poAntlnobaDsoio 
AoldAoo  ago.  Tlsaue/Bour 

Praa 

Total 

23 

31 

B 

10.lt 

(10.0-11.0) 

27*2 

(2$.6~28«0} 

23 

35 

12  1 

10.8 

(10.1-ll«it) 

30.8 

(2B«6«32.5) 

23 

Ui 

21  j 

i 

_ 3 

11.3 

(n.o-n.7) 

32.0 

(30.3-3U.lt) 

A  oongiarlaon  of  the  vaXnee  ahown  in  Tehlo  7  vith  those  preoented  in 
Table  6  indioatoo  that  the  rate  of  devclopsient  of  the  fcnsTioe  activity  to  the 
nomol  level  was  not  affected  by  z>irradiationo  Thus  It  say  be  ooxxOadsd 
that  the  narked  inhibitory  effect  of  irradiation  on  the  derwelopment  of  nior?- 
soae  oKidaao  ayatana  (3»6)  repreeonto  a  aoleetive  effect  of  x-irradiatlODo 


Oiseuasion 


The  preaent  invaatigaticn  was  undertaken  to  extend  knowledge  of  the 
offocta  of  ionlalng  radiatlone  on  the  individual  steps  of  the  hydrogon 
port  sycten  of  animal  tissues.  In  the  present  ofcudy  the  ensyaatio  roduoticn 
of  nitro  ooapounds  to  oalnso  was  studied.  This  nsaotion  is  catalysed  ty  a 
flavoprotein  reductase  onsyso  system  located  partly  In  tha  mierosone  fraction 
of  the  liver  and  it  requires  reduced  trlphosphupyridlno  nucleotide  for  aot5.vj[t:7. 
Provious  studios  in  this  laboratory  (3>6)  lave  demonstrated  that  low  doses  cf 
radiation  markedly  inhibit  certain  oxi.dativa  vsnotions  catalysed  by  nlerosc^ne 
emsynwfl  In  the  livers  of  ycnuig  male  ratr.>  It  via3,  therefore^  of  considerable 
intereot  to  ascertain  whetbar  radiation  Ijihlbitu  tho  dovt^opment  of  other 
nicroeoae  cniyBaoc 
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Ih  ordtr  to  eondoet  ths  prwMnt  it  wia  moMsaiy  to  dtftlop 
•  qiMBtltotiva  woagr  prooadaro  for  nMOurlng  tho  onnMtio  rodoetlon  of 
forol0i  elMHieolo  tho  llror*  into  and  Brodia  (id)  hm  ropertod  oom 
■tadiM  on  this  onajfno  tut  inmstlg&tioo  of  thoir  ooaoj  oyaton  Indlootod 
that  it  dooa  not  aaot  tho  eritorla  of  a  talid  <|iiontitatlvo  onayao  aaaagr  pro* 
ooduro*  k  atadsr  of  the  optiina  oonditiona  for  Boaouroncnt  of  tho  rodoetaao 
aetivitgr  of  anlittl  tiaouoa  roaultod  in  tho  dofolopnont  of  a  qoantitativo 
proeodaro  in  whLeh  tho  rate  of  tho  roaetlen  waa  atriotly  dop^ont  upon  the 
Usauo  level*  ttador  tho  oonditiona  of  the  aaaay  the  roduetaao  aotivdty  of 
the  livora  of  adult  rata  waa  18  tinea  hi((hor  than  it  waa  in  tho  ajratna  uaod 
tgr  fouta  and  Brodia  (10)  and  we  found  no  apooioa  difforonoo  in  tho  rodoetaao 
aetiwitgr  of  nt  and  noose  liver* 

ipplieation  of  tho  nothod  to  noasurooont  of  tho  rodoetaao  aetivity 
of  the  livers  of  yuong  male  rate  indicated  that  tho  aotlvity  at  22  days  of 
ago  ia  about  hOi  of  the  adolt  activity*  Bxposuro  of  23><day  old  rats  to 
liOO  r  did  net  inhibit  tho  rate  of  develepao^  of  rodoetaao  aetivity  of  tho 
liver*  This  finding  Indioatoa  that  x-irradlation  haa  a  aeloetlvo  aotion  in 
its  inhlbitoiy  offset  on  tho  dovelopaant  of  certain  ensyaatic  roaotiona  oate* 
lysed  by  nioroaone  enaynoo* 

The  prooont  study  as  well  aa  other  o:qporlnenta  in  this  labors, toxy 
(7*9)  on  tho  hydrogen  transport  oystMi  have  dnsonstrated  that  radiation  does 
not  affect  reaetiono  idtieh  gonorato  tho  roduood  triphosphopyridlno  noelootide 
noodod  for  oxidation  and  ra^tion  roaotiona  catalysed  by  nleroBono  onsynes* 
Oor  oaporinanto  to  date  have  provided  a  oonaidorablo  anoout  of  evidenoe  that 
radiation  oxarta  its  inhibitory  action  on  a  reaction  botween  rodueod  tri‘^ 
phoaphopyridine  molootldo  and  tho  oxidisable  subotratoo  Additional  atndios 
art  in  progroaa  in  an  attonpt  to  locate  tho  axaot  olto  of  the  radiatiec^ 
Indoood  dofoot  in  tho  davelopnent  of  eortoin  nioroaoBM  onsynea  intho  Uver* 


Sunaary 

lo  A  atndr  was  undertaken  of  the  influsnoo  of  x->irradlation  on  tho  reduoUse 
aotlvity  of  onlnal  tissues*  For  this  study  the  onsynotie  roduetion  of 
p*nitrobonsoio  acid  to  p-aminobsnaoio  acid  was  used  ao  a  noaouro  of  re* 
duotaso  aotlvi^s  A  qaantltatlvo  nothod  for  neasuring  tho  reduotoso  a;:.-' 
tivlty  of  aninal  tloouos  was  developed  by  the  conduction  of  a  series  of 
ooq>orlnanto  to  dotamine  tho  optlnuR  oonditiona  for  the  rooetion* 

Zo  Tho  assay  proeodaro  developed  during  this  study  was  qppliod  to  tho  tiesueo 
of  nonul  adult  nalo  and  fmala  rate  and  noroal  adult  mioe*  Bo  sox  dlffor- 
oneo  was  observed  in  tho  enayno  aetivity  of  tho  livers  of  rats  and  no 
qieoioo  difforenees  wore  obeervod  in  a  coaparlson  of  male  rate  end  nOlo 
nioo* 

» 

3*  ApfAioatlon  of  the  aosoy  proeodaro  for  neasuronont  of  the  roduotoso  so* 
tivlty  of  tho  livora  of  young  nolo  rats  indicated  that  the  ansyne  activity 
is  loso  than  half  tho  at^t  level  at  22  days  of  ago  and  it  ineroaaos  to 
tho  adult  lovol  by  3$  days  of  agoo 


lU 

Bipeeurt  of  ^-day  old  miIo  rata  to  UOO  r  of  wholo  tocl^  x-lrradlatlon 
had  oo  effect  on  the  rate  of  derelopment  of  the  redoetaee  aotlvitj  of 
the  llrera  in  eontraat  to  the  narked  inhibitory  effect  of  this  doee  of 
radiation  on  the  develoiBent  of  those  nioroaons  ensynea  in  the  Hrar 
vhioh  oatalyee  oxidatiee  ohangeo  in  foreign  obenioalso 
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Thie  report  eoncerMi  The  reimltB  of  additional  e]q>erlaant8  in  a 
studF  reemUj  undoriaken  to  obtain  Infomation  on  the  effect  of  Ionising 
radiations  on  the  derelopBMnt  of  the  phosphorothioate^oxldlslng  ensyae 
systen  in  the  Urers  of  young  male  rats*  The  present  study  was  prlMrlly 
oonoemed  with  the  ability  of  partial  body  shlsldlng  and  2‘4Bsroai)toethyl* 
anins  (MEl)  to  reduce  the  degree  of  radlation‘-indaeed  inhibition  of  the 
synthesis  of  the  ensyno  aysteno  Experlaents  were  undertaken  to  obtain  ln*> 
fomatlon  on  the  Influenoe  of  the  radlonlnotlc  agent,  aotbgrl  bls(2“ChlepO“ 
ethyDanlne  (IQI2),  on  the  dewelopnent  of  this  detoxifloatlon  neeWlSBo 
The  effect  of  MEA  on  the  radlatlon-~lnduoed  Inhibition  In  the  nonaal  develop" 
nent  of  resistance  In  young  nale  rat^  to  the  ohoUnerglo  phosphorothioate, 
OfO'^'dlethyl  0"(UHasthylthlo«sv  tolyl^  phos;;diorothioate  (QtP),  was  also 
tested^ 


teMdla^  or  ultlaate  application  of  ^  rssul^t  Hesolts  of  onr 
recent  siudies  have  shown  tilhai  Ionising' radla^icns  iiM  the  developesnt 
of  the  ensyne  systea  responsible  for  the  oxidative  desulfuration  of  certain 
drugs  and  toxlo  agents  In  the  livers  of  young  ratsc  Initial  studies  Indi^ 
cated  that  doses  of  x-lrradlatlon  as  lew  as  ibo  r  Markedly  reduoe  the  rate 
of  devolopaent  of  this  detoxification  MsohanlBB^  Ih  subsequent  eoqwiisnnts 
It  was  found  that  the  radlatlon-lnduoed  Inhibition  of  the  developnent  of 
this  ensyiae  systen  is  reversible  at  four  to  six  weeks  after  100  r  or  200  r 
of  x-rayo  It  was  also  found  that  when  the  liver  area  Is  exposed  to  UOO  r 
of  x-lrradlatlon  with  the  rsnainder  of  the  body  shielded.  Inhibition  of  the 
synthesis  of  these  ensynes  does  not  ooexxr,  and  that  the  Inhibition  caused 
by  200  r  of  radiation  can  be  prevented  by  the  aduljnlstratlon  of  MBA  prior 
to  x-ray  eoqposure.  The  present  investigation  is  a  continuation  of  these 
studies  and  it  has  been  prlnarlly  concerned  with  the  effect  of  higher  doses 
of  radiation  <»  the  developaaint  of  the  nlcrosone  oxidases  In  the  livers  of 
partially  shielded  or  KEA-treated  rats.  The  results  of  these  studies  in^- 
oate  that  ths  administration  of  600  r  of  x~liradiatlon  to  the  liver  area 
causes  a  substantial  Inhibition  in  the  ’dev«lopB»nt  of  this  ensysM  systen 
and  that  MBA  prevents  the  marked  inhibitory  effect  of  1)00  r  of  totid>^body 
x-ray 0  It  la  anticipated  that  experiments  of  this  typo  will  provide  further 
Inforactlon  idileh  will  lead  to  a  xsore  eonplete  understanding  of  the  influenoe 
of  Ionising  rsdlatlons  on  the  blochsstloal  ooneltusnts  of  anLasl  tissues « 

«•*««««« 
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During  th«  paet  uorveral  monthe  we  have  been  investigating  the  effootsi 
o(  Ionising  radiationa  on  the  ayntheala  of  ansyme  In  the  livers  of  young 
male  rata  which  oatalyee  tho  notabollesn  of  dliaothyl‘-2-(li-^xo-l,2,3-benaO“ 
trlaiixiQrl^3-muth]rl}  phosidiorodithloate  (gutlilon,  DBD)..  Prevlonia  atudlaa  In 
this  laboratory  (1)  shoved  that  x>irradiaticrx  markedly  inhibits  the  ayntheala 
In  regenerating  liver  of  the  ensynea  which  oatalyzs  the  oxidatli/e  deeulfhr- 
atlon  of  thie  phosi^orodlthloate  but  that  radiation  had  no  effect  on  the 
adoroaoBal  enayme  activity  In  the  llvore  of  adult  ratsr  These  findings  in¬ 
dicated  that  xo-ray  inhibits  the  fonaation  of  the  ensyae  systeas  but  does  not 
affect  the  activity  of  existing  enssyaesxx  Studies  were  then  undertaken  to  ob^^ 
tain  infonnation  ooncemlng  the  influence  of  ionizing  radiations  on  the 
synthesis  of  the  enzyme  cystam  in  the  livers  of  young  rats  which  is  responsi'^ 
bis  for  the  oxidative  desulfuration  of  certain  ehsmloal  agente« 

The  Initial  studios  on  the  effects  of  radiation  on  the  synthesis  of 
the  phosphorothioate  oxidir.lng  enzyme  .jystems  in  the  livers  of  youz^  male 
rate  demonstrated  that  200  r  and  UOO  r  of  x-ray  elsost  completely  inhibit 
the  normal  development  of  tho  enzyme  oyetesa  during  the  first  tlu'es  weeks 
after  exposure  (2)c  Suboequantly  It  was  found  that  doses  of  total  xbo<!^ 

X  Irradiation  as  low  aa  100  r  ca\!0fed  nubstantlol  reductions  In  the  rate  of 
synthesis  of  the  enzyme  ayotrui  (3)  and  that  this  Inhibition  is  reversible  at 
four  to  five  woeks  after  lOJ  r  or  2<X)  r  cf  ;c-ray  (h)  Experiments  undertaken 
to  detei'ttiue  wlketht  r  a  radir.ticn  inlucad  ccersiso  lr>  aiidtcgcns  was  rosponsl- 
b’e  for  the  delcy  in  dovulcpffto/it;  of  tills  eiiay-iw  ehyvad  that  shielding  of  the 
tootoe  or  daily  In^ecU-on  of  ioatostorono  propionato  did  not  pi’event  the  In  ¬ 
hibitory  offoot  of  2'JO  r  or  UOO  r  cf  x-  irradiation  on  the  synthesiB  of  the 
drug  aetabollzinv  (3)  In  view  of  thssa  results,  it  wao  of  interost 

to  (.letermlne  tho  ej’feot  of  etiii^lding  tho  body  While  Irradiutlng  the  liver 
aroa«  It  was  found  that  the  adwjuaotration  of  1*00  r  of  x- irradiation  to  the 
liver  area  only  does  nob  inhibit  tho  developir.ent  of  tho  enzyme  rcBponslble 
for  diMg  Tauba'ool  iKi  in  this  tlt-suo.  The  projant  i‘6p<jrt  deacribes  tho  re 
sulta  of  adJtiional  oxpviritirtntn  m  t'.ie  lrf3uur.co  of  higher  doses  of  x-ray 
to  tho  liver  ai^a  i>n  the  uir.tiHsi-.o  of  tVils  r-nsym:.  ftyctm.. 

E!xpsrij.ieute  ware  undei'baken  to  obtain  information  oonceming  the  in¬ 
fluence  of  HEA,  ono  of  t}(o  roo. ;  radlopr otrctlve  ngonto  in  rats,  on 

the  radlotior.  induced  inkibjfcicn  of  the  dsnd.oppif  nt  of  tlio  phoephorotliloatfe  ' 
oxidising  enzyi.es  of  the  liver.  It  was  found  that  200  rngm.-k^.  of  ME*,  glron 
ten  mimtes  before  200  r  cf  x- irr-adiat-icn  conylotely  preventod  tho  inhibition 
of  ensilimr  syntheslr  caused  by  tliilo  dooo  of  imdiatloii  (!*).  The  results  of 
further  Btudlac  ooncernln'--  the  ability  of  MEA  to  prevent  the  radiation^ 
induced  anhibltlon  of  the  oynt^iccla  of  the  liver  oxidase  oyateo  are  dosoribod 
in  this  T'aporir,  Data  uj’o  also  liicludcd  in  tho  present  report  on  the  effect 
of  the  radic«c>it;otic  campou.ndj  1312,  on  the  ojntlioflie  of  this  onsytne  systsn  ruad 
the  Influence  of  lUil  cn  tho  development  of  resistance  in  x-irrodiatody  yv:ung 
male  rats  to  the  toxicity  of  0»C-diethyi  O-Clj-oethylthlOMB-tolyl)  phosphorc 
thioate  (IMP) 

Haterlale  and  Methode.,  'feung,  »*le  Sprague-Dawley  rats  were  used 
for  those  e'qj.nrbientc  "Tne  anixals  were  maintaiuod  in  air-condltloncd 
quaHers  and  wjre  given  Ilocklr.r.d  Rnfc  riot  and  wiber  ad  llbit^..  X-irradiatiun 
was  admlniotered  an  a  oinglo  ecqpoouro  with  a  Cl,.  E.  Kalmar  iherapy  unit  «- 
ploying  tho  followj.n';  rndiation  factors i  2?C  K7P,  15  aa.,  C  25  nm  Cn  and 
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1  sn«  A1  addad  filtration*  Tha  tarfat-aniaal  dlatanoa  waa  75  on*  glvliig  a 
doaa  rata  of  3U  r  to  36  r  par  niiBita  at  naatnrad  in  air  with  a  Viotoraan 
iMiiaatioo  ohaabar*  Fbr  asparinantt  on  tha  affaet  of  partial  ted|f  thidldlng 
on  tha  dafoalopaMiit  of  tha  drug  nataboliiing  anapaa  ajrataa,  aaanling  rata 
vara  anaat^iaad  with  aqaaoua  aolutiona  of  aodi»  pontobaihital  (2$  aga*/ 
kgOo  intraparitenaally)  to  faoilitate  aeonrata  plaeaaont  and  aaintaoanea  of 
^  load  ahialda  during  radiation  axpoaura*  Aqaaoua  aOlutiona  of  HII2  and 
nautral  aqaaoua  aolutiona  of  MBA  vara  praparad  daily  and  injaeted  intra** 
paritonaally  within  15  ainataa  in  all  Inatanoaa* 

Ftor  tha  anayaa  aaaaya  tha  rata  vara  aaorifiead  tgr  daeapitation  and 
tha  litara  vara  quickly  raMvad^  vaighad  and  honoganlaad  in  oold  diatUlad 
vatar*  Solutiona  of  guthion  (0^1  N)  «ara  praparad  in  vara  athaaol*  Tha 
aloobolio  aolution  vaa  than  diluted  to  1  x  loro  m  with  diatUlad  vatar* 
Quthion  vaa  oonvertad  to  Ita  aotlva  aataholita  by  tha  aathod  davalopad  by 
Morphy  and  OoBoia  (5)  in  this  laboratory  and  by  a  aodifioation  of  tha  aathod 
uaad  by  Connay  at  al*  (6)  for  other  reaetlona  catalyaed  by  aieroaoaa  ananmio 
Tha  latter  aathod  utHlaaa  0*1  ado  of  trlphoaphopyridino  noelaotida  (T^ 

(1  aga«/tiLo)»  Oob  al*  of  glnooso'-^phoaphata  (10  agne/al*)j.  0*U  al*  of 
adanoaina  triphoaphata  (ATP)  (1  x  10*^  M),  and  0*1  al*  of  pota^ua  dilorida 
(2  M)  in  addition  to  QoU  al*  of  0,1  M  phoaphata  buffer  (pH  7»2)«  0*3  al*  of 
niootinaaida  (1  x  lO"*^  M)  and  0*$  nl*  of  dlphoophopyrldlna  nnolaotida  (Dm) 

(1  mgacAila)*  Each  Warburg  Tasael  alao  eontainad  0*1  al*  or  0*2  al*  of  a 
2o55  aqoaoua  hoaogenata  of  liver  (2*5  aga«  or  5  apa*  of  tiaaua)»  0*3  bl*  of 
aquaouB  gathlon  aolution  and  auffioiant  water  to  nako  a  final  volnaa  of  3*0 
ale  Theaa  nixturea  vara  inoubated  for  ton  ainataa  at  38^  C*  foUoving  an 
initial  5<dnata  aquilibration  period*  A  0,6  al*  allqaot  of  tha  raaotion 
alxtura  waa  addad  to  tha  oholineateraae  teat  gyatea  of  DuBoia  and  Mhngan 
(7)  and  tha  anoont  of  aetlva  aetaboUte  foraed  vaa  datamlnad  froa  tha 
aaouat  of  inhibition  of  rat  brain  oholineateraae  activity*  Tha  aotivity 
of  tha  anayaoa  Vhidh  oatalyaa  the  oxidation  of  gathion  vaa  aiq>raaaod  in 
tama  of  arbitrary  unite  of  aotlva  aatabollta  fomed  par  5  aga*  of  fraah 
Uvar  nor  hour  and  vaa  oalculated  aooording  to  tha  prooadora  of  DuBoia  at 
al*  (6)<,  Qaalitativaly  aiailar  affeeta  vara  obeervad  in  both  ayataaa  hK 
iS  gjratoB  oantaining  tha  radaoed  trlphoaphopyridino  nuolaotida  vaa  about 
tvioa  aa  aotive*  Tha  data  praaented  in  ^ila  report  vaa  obtained  uaing  tha 
wore  aotlva  ayaten* 


Raaulta 

Daflnenoa  of  partial  body  bhielxMLiag  on  tha  dyalofant  of  tha  piioa<» 
pfaorottdjaaia^xldlaHia!  ywa  ajaten  in  ^ha  Uvara  bf  young  nala  rata*  IS> 
raaulta  of  pravieua  atudlM  have  ahovn  that  ahleldlng  tha  taelaa  dcae  not 
influanoa  the  inhlbitoty  effeot  of  200  r  of  x^vtj  on  tha  davalopMnt  of  tha 
phoaphorothioate-oxidiaing  aniyae  ayaten  in  tha  liver  (2),  Mora  raoent  eK» 
parinenta  (3)  have  iUxiatratad  that  thia  inhibitory  effeot  of  200  r  of 
x»irradlation  on  tha  enayna  aynthaaia  vaa  aubatantlally  raduoad  by  ahialding 
tha  liver  area  and  that  vhen  the  liver  area  vaa  a^q^ooed  to  200  r  or  ld>0  r 
of  x-ray  with  tha  renaindar  cf  tha  bogy  ahialded,  davalopnant  of  tha  drug 
Mtabolialng  enayna  eyeten  in  tha  livar  vaa  not  Ihhibitado  Tha  praaent 
atndf  waa  nndartakan  to  dateinina  the  Inflnenoa  of  higher  doaaa  of  x-irradi- 
ation  Ml  tha  davelopnent  of  the  enayna  gyateei  in  tha  livar*  Ibr  thaaa 
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oxperlMnta  23Hlagr  old  m1«  rate  woro  •MathotiMd  with  2$  ai0i./kgB«  of 
sodlua  poatobarbital  and  laad  aldalda  vara  placad  ao  aa  to  atai^  tha  an-^ 
tlra  body  aaceapt  tha  Uaar  araa.  Thla  araa  waa  than  gLaan  600  r  of 
x-'trradiatloiXo  Tha  anlMla  vara  aaorifiead  at  aarlooa  Intanrala  daring 
tha  foUowiag  thraa  vaaka^  a  portion  of  tha  llaar  aaa  rawrrad  and  tha 
■ierooaaM  oxldaaa  aotlvltj  vaa  Maaurado  Tha  raaulta  of  thaaa  ■aaaumanta 
ara  ahoan  in  Figora  1  vhara  aaoh  point  on  tha  eurvaa  la  tha  aaaraga  of 
moaauraaanta  on  tha  llaara  of  at  laaat  thraa  anlnaloo 

Tha  affaot  of  COO  r  of  whole  body  x^ray  and  of  UOO  r  of  radiation 
to  tha  Hear  araa  on  tha  davalopnant  of  the  ejosma  ayatan  in  tha  livara  of 
young  rata  haa  baan  praaonted  In  pravloua  reporta  and  la  Inoludad  in  Figure  1 
for  purpoeaa  of  eonparlaon.  Tha  data  iUuatrata  that  600  r  of  to  tha 

livar  araa.  Ilka  ttOO  r  to  thla  area,  anhaneea  the  deTalopaiant  of  tha  j^a- 
pborothioata  oxldiaing  anaynaa  In  tha  liver  for  approxlnataly  10  to  12  daya 
following  the  radiation  a3q;>08ttra,  however,  thero  vaa  a  aubatantial  ijdilbltlon 
in  the  rata  of  aynthaals  during  the  12  to  21  •'day  period  following  600  r  of 
x~irradlationo 


Influence  of  2-^arcaptoathyliiaina  on  tha  radlatlon-lndueed  Inhibition 
of  tha  daveloptBeni  of  tW  phoap>ioroihloaia>o^j^ing  anaya  ayatan  lin  tfia 
livera  rf  you^  iiale  r*^-  faa  raaulta  of  etudlaa  ^aaTOtad  In  our  pra^oua 
raperk  (h)  ahowad  that  200  mgn.  of  MEl  prevented  tha  Inhibition  of  tha 
da^lopnant  of  tha  phoephorothioate-oxidlelng  Kusyne  caused  by  200  r  of 
x-lrradlation.  To  obtain  additional  Inforaation  on  tha  ability  of  HEl  to 
prevent  tha  radlatlon*^indaced  inhibition  of  the  davelopawnt  of  tha  drug 
natabolising  ancyna  in  tha  liver,  23-day  old  aala  rats  vara  given  intra- 
peritonaal  injactlona  of  200  agaioAtPio  of  ME&  tan  mixAitaa  before  U>0  r  of 
x-ir radiation Q  Tha  anlaala  were  aacrlfioad  and  a  portion  of  tha  liver  ra^^ 
moved  for  anzyna  meaeureeimts  at  frequent  intervals  for  a  period  of  thraa 
weeks  after  x-lrradiation..  The  results  of  these  naasureaents  ara  praaantad 
in  Figure  2  where  each  point  on  tha  ourvea  for  the  irradiated  anlaala  is  tha 
average  of  naaaurenenta  on  Uia  livara  of  at  least  four  anlaala  and  aooh  point 
on  tha  control  curve  la  tha  average  for  8  to  10  anlaalsr 


The  data  in  Figaro  2  ahow  that  200  a^i./kga.-  of  MEl  given  before  UOO  r 
of  x-riQr  aubetontlally  reduced  the  degree  of  radlatlon-induead  Inhibition  la 
the  devalopNint  of  the  phosphorothioata-oxidiaing  enzyaa  ayatan  in  tha  livara 
of  young  Bale  rats..  It  la  apparent,  however,  that  UOO  r  of  x-irradiation  has 
cauaad  a  delay  in  tha  davelopaient  of  tha  ansyne  ayatan  in  tha  MEl-traatad 
aninala..  Thus  it  appears  unlikely  that  the  radioprotective  activity  of  MBi 
would  be  eufficiant  to  prevent  tha  inhibitory  affect  of  higher  dosaa  of  x-rayn 


Ii^uanca  of  2-«aroaptoathylBnina  (MEJl)  on  tha  radiatlcm-lnduoad  ana 
■ala  raia  to  u,0-diak!^  l^(^mtUylt^i^*tolyl)  phoa- 


captibility  oi!  young  mIIi 
pKor^^ta  TEB^  Tim 


. .  results  of  reoa^  atudiaa  ^  ika  ixAuimM  of 
raolailen  on  t^  davalopMnt  of  raslstanoa  in  young  oala  rata  to  tha  aeuta 
toxicity  of  a  cholinarglo  phosihorothioata,  0,0-diathyl  0^(U-«athylthie^ 
tolyl)  phos^iorothloata  (IMP}  indicated  than  doaas  of  x*lrradlation  aa  low  as 
100  r  narkadly  inhibit  tha  development  of  reaistanca  to  this  agent*  Tha  ra¬ 
aulta  of  axparlaiants  praaantad  ab^  iUuatrata  that  NEi  pravantad  tha  radi- 
ation-lnduoad  inhibition  in  aynthaals  of  the  drug  oxidising  ancyna  syatanin 


(nWQ)  mJimg 


Ficor*  1.  Xnflwne*  of  partial  bodjT^  ahialdlng  on  tha  davalopnant  of  tha 
ayataa  in  tha  llaars  of  yonog  aala  ratao 


Flgar*  2:.  InflnaocA  of  2Maarcaptoothgrlaili>o  on  tbo  radiation-induced  inhibition  of  the  denrelopawnt 
of  the  phoephorothloate'OxldisinR  mmjam  ejetoa  in  the  ll-vera  of  yoong  ■a].e  rats^ 
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Sine*  thlf  •n«yiM  systva  is  involwd  In  th«  to  meUbollam  of  EI7,  it 
was  of  totsreat  to  dotarndna  whathar  MEA  would  prerant  tha  radlatlon>toducad 
Inhibition  in  the  daTalopnant  of  raatotanca  to  young  Mia  rata  to  the  aouta 
toxlel^  of  DHPo  For  these  axpartosnta  grovqps  of  ^-day  old  aala  rats  wars 
giwan  200  uffta/kgtc  of  MEA  tan  ainutas  before  200  r  or  uOO  r  of  x-rayo 
Orotqw  of  untreated  rats  ware  also  glTsn  200  r  or  UOO  r  of  x-irradlatloDo 
Three  weeks  later  tha  rats  ware  given  totraparitonaal  tojeetions  of  ^  effBn/ 
kpso  of  IKPe  The  results  of  these  toxiolty  tests  are  presented  to  Table  Ir 


TABLE  1 


INFLUENCE  OF  a-MERCAPTCSTHTIAMlNE  (MEA)  ON  THE 
RABIATION-INIXJCED  SUSCEPTIBILITT  OF  UU-OAT 
OLD  MAI£  RATS  TO  0,0-DIETHTL  0-(U-FETHTL- 
THIO-M-TOLTL)  PHOSPHOROTHIOATE  (EMP) 


Dose  of  ray 
(r) 


200 

200 

200 

UOO 

UOO 

UOO 


I  ■'  P  'I 

'  Dose  of  MEA  Dose  of  DIP  Survivors/  '  f> 
(ngs^/kgRio)  I  (api./kgso)  !l  Treated  i|  Suxnrlval 


e  •  e 

!  50 

1 

;!  19/20 

I! 

i  95 

i 

! 

i 

a  i> 

1 

r  lo/ic 

I  100 

1 

o  o  c.  ! 

1 

1 

50 

i 

5  0/15 

i;  ° 

200  j  50 

li 

<^  n  o  '1  •  a 

1  ^ 

|!  uu 

f  8/10 

i' 

!  80 

li 

,V.-.  ‘ 

50 

I 

!  0/8 

i  “ 

200  t 

i  50  • 

j  1/9 

Tha  data  in  Table  1  show  that  aost  of  the  unlrradlated  U5Hlay  old 
rats  tolerated  50  agn./kgiio  of  IKP  but  none  of  the  antoale  given  200  r  or 
UOO  r  of  x^ray  at  23  days  of  age  survived  after  this  dose  of  IMPo  Adatol- 
stration  of  200  opBo/kigBo  of  MEA  before  200  r  of  X'^ray  peraltted  four  of 
the  nine  aniaals  treated  to  tolerate  50  epBc/kgn^  of  the  phosphorothioate 
while  one  of  the  nine  rats  given  MEA  before  UOO  r  survived  after  this  dose 
of  IFPo  The  result  s  of  these  experinsnts  indicate  that  although  the  de~ 
velopasnt  of  the  oxidising  ensyne  systM  to  the  livers  of  young,  udLe,  NEA- 
treated  rats  is  not  substantially  affected  by  doses  of  X'^ray  up  to  UOO  r, 
MohnisM  responsible  for  other  steps  to  aetabolisB  of  DfP  era  smisitlve 
to  the  effects  of  ionising  radiation  and  are  not  coiapletely  protected  by 
MEA, 


tofluenee  ^  aethyl  bia(2-^chloroethyl)aidne  (HM2)  on  the  developawnt 
of  the  pnoaphorothioaie-oxldiatog  ensyne  wrstaai  to  the  livers  of  young  iiaXe 
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r>tB«  Tta«  nlirogtn  muitardB  and  relatad  alkgrlatlng  oo^poonda  haw  aawral 
aetlons  aiadlar  to  tboaa  produead  by  x^lrradiatlon.  Piwloua  studies  In 
this  Isiboratory  have  dvaonstratsd  the  narked  slaUartty  between  radiation 
and  nitrogen  nostards  In  prodoelng  changes  in  the  adenosine  triphosphatase 
aotlYlty  of  the  spleen  and  thyma  glands  (10),  the  cholinesterase  activity 
of  the  intestine  (11)  and  in  citric  acid  synt^ls  in  the  spleens  and  thy^ 
glands  of  rodents  (12).  Thns  it  ms  of  interest  to  determine  the  effect  of 
HN2  on  the  devslop^t  of  the  drug  aetabolising  ensyne  systea  in  the  livers 
of  young  ratso  For  these  experiments  groups  of  23*dby  old  male  rata  were 
given  eublethal  doses  of  0.7S  ngBt  AgXo  or  1  mgB.Agnc  of  HN2  and  the  animals 
were  sacrificed  for  nsasureeents  of  ensyme  activity  at  frequent  intervale  for 
a  period  of  three  weeks  following  these  injections.  The  results  of  these  ex> 
perlments  are  presented  in  Figure  3  where  each  point  on  the  curves  represent 
the  average  of  neasurenents  on  the  livers  of  at  least  three  animals. 

The  data  in  Figure  3  show  that  0.75  offa.Aeeo  of  HN2  did  not  slgnlfl* 
cantly  alter  the  development  of  the  phoaphorothloate  oxidising  ensyme  system 
in  the  livers  of  young  rats.  Administration  of  1  m^./kgo.  of  RIf2  eaus^  a 
marked  delay  in  the  development  of  the  ensyme  system  for  e  period  of  approxi¬ 
mately  two  and  a  half  weeks  after  injection ^  There  waa  a  marked  Increase  in 
the  ensyme  activity  of  the  livers  of  thsce  sninala  during  the  l6-day  to  22-day 
period  after  1  mga./kgx.  of  this  nitrogen  mustard  but  the  activity  waa  still 
substantially  lower  than  normal  at  this  time. 


Diacusaion 


The  present  investigation  consisted  cf  additional  experiments  in  a 
stu(ljr  which  waa  undertaken  to  obtain  Information  concerning  the  influence  of 
ionising  radiations  on  ths  development  of  the  ensymen  in  the  livers  of  young 
male  reta  which  are  responsible  for  ths  various  stepii  in  the  metabolism  of 
certain  drugs  and  toxic  oompoundsc  The  reeulta  of  racent  studies  (U)  have 
s)iown  that  the  adnlnlstration  of  UOO  r  of  x-irrsdlation  to  the  liver  area  of 
partially  shielded  rats  did  not  inhibit  the  development  of  the  ensymee  re¬ 
sponsible  for  oxidative  desulfuration  of  in  this  tissue  and  that  200 
m^B./Vgao  of  KEA  given  ten  minutes  before  200  r  of  x-ray  prevented  the 
marked  inhibition  in  the  rate  of  synthoeis  of  this  system  caused  by  this 
dose  of  radiation.  Some  of  the  experiments  prerented  in  this  report  were 
undertaken  to  supplement  these  data.  In  this  connection  it  was  of  interest 
to  determine  the  influence  of  radiation  on  the  devslopnmt  of  tha  ensymea  in 
the  livers  of  partially  ahleldad  rata  that  received  600  r  of  x-ray  to  tha 
liver  area  and  to  obtain  Infonnation  coneamlng  ths  ability  of  KEA  to  prevent 
the  inhibitory  effect  of  itOO  r  of  x-lrradlation  on  the  eynthesie  of  the 
ensymes.  It  was  found  that  the  adbnlnistratlon  of  600  r  of  x-lrradlation  to 
the  liver  area  did  not  inhibit  the  initial  devolopanent  of  the  masyme  reaponsl- 
ble  for  drug  metabolion  but  that  the  synthesis  of  the  system  was  substantially 
inhibited  daring  the  third  week  after  x-ray.  Administration  of  200  mgm.Agm' 
of  KEA  befora  axposuro  to  x^ray  substantially  reduced  the  inhibitory  effect 
of  UOO  r. 

Li  view  of  the  ability  cflT  KEA  to  reduce  the  inhibitory  effect  of 
x-lrradiation  on  the  development  of  the  drug  metnbolislng  ensymes  of  the 
liver-  it  was  of  interest  to  study  the  influonen  of  this  radioprotective 
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eoRpound  on  tho  dovolopnent  of  the  resiotanoe  In  young  aalo  rata  to  DfPo 
Recant  atudlaa  (13)  have  ahovn  that  EHP  and  Blnllar  oonpounda  undargo  an 
oxidatlva  daaulfhratlon  to  the  oorreaponding  oiqrgen  analoguaa  during  an 
initial  phaaa  of  netabolian  and  in  this  aaumar  exert  nannalian  teudoitjA 
Thla  reaction  ia  catalysed  by  the  liver  nleroaona  oxldaea,  the  ayntheaia 
of  which  ia  not  affected  by  the  administration  of  200  r  of  x^^ruy  to 
treated  young  rata.  Therefore,  in  order  to  obtain  information  eoneemlng 
the  ability  of  MEA  to  prevent  the  inhibition  in  the  development  of  sqm  of 
the  other  mechaniama  reaponaible  for  the  detoxdLfication  of  SNP,  young  male 
rata  were  treated  with  200  mgBr.A0D>  ^  before  exposure  to  200  r  or 
UOO  r  of  x<^lrradiatlono  A  dose  of  $0  ngn^/kfft^  of  DMP  is  usual!^  not 
lethal  to  unirradiated  lih-day  old  rata,  bat  thla  dose  of  CMP  caused  mor* 
tality  ia  100^  of  the  unprotected  rats  given  200  r  and  in  a  majority  of  the 
animals  given  MBA  prior  to  200  r  or  UOO  r  of  x>lrradiation»  Thua  it  is  ap¬ 
parent  that  radiation  causes  an  Inhibitory  effect  on  the  developawnt  of  som 
other  msehaniniCs)  which  is  necessary  for  the  detoxification  of  thla  phoa- 
phorothioatoo  ^uoldatlon  of  the  exact  meohaniams  affected  by  radiation  re¬ 
mains  to  be  discovered!  however,  it  is  anticipated  that  experiments  current¬ 
ly  under  consideration  will  provide  infomatlon  which  will  aid  in  the  locali¬ 
sation  of  the  radiation-sensitive  alto  responsible  for  these  findlngao 

The  results  of  the  present  experiments  have  ehoun  that  a  sublethal 
dose  of  nitrogen  mustard  Inhibits  the  davelopoent  of  the  phoephorothloate- 
oxidising  ensymea  in  the  liver  of  young  male  retSA  Thus  HII2  reeemblee 
x-irradietion  qualitatively  in  Its  ability  to.depreec  the  synthesis  of  this 
enayme  ayatemt  This  similarity  between  HN2  and  x-irradlation  indieetea  that 
cither  of  these  agente  may  be  employed  in  future  studies  undertaken  to  ob¬ 
tain  information  on  the  mechanism  reaponslble  for  the  inhibition  of  devalc^- 
nent  of  the  i^aphorothioate  oxldeea  in  the  livers  of  young  male  rats  a 


Suanary 


1 .  Additional  studies  were  underta^xn  to  doCenaine  the  radlosensitlvlty  of 
the  drug  metabolising  ansyme  systen  In  the  livers  of  young  male  rata.? 

The  results  of  experiments  on  the  influence  of  partial  body  •hieidiwg 
indicated  that  the  administration  of  600  r  of  x-irradlatlon  to  the  liver 
area  of  23-day  old  rate  appeared  to  etinulete  the  synthesis  of  the  phoa-^ 
phorothioato-  oxidlxing  enzyrma  for  a  period  of  about  ten  days  after  ax*-- 
poaure  but  osus'^d  a  substantial  inhibition  in  the  rate  of  syntheeie 
during  the  third  week  following  radiation. 

2.  The  injection  of  200  m^o/kgn  of  KEA  ten  minutes  before  UOO  r  of  x-ray 
provided  a  sube )',3ntlal  reduction  in  the  radiation  induced  Inhibition  of 
the  development  of  the  drag  metaboliaing  or:syRe  eystew  in  the  livers  of 
young  male  rats 

3  Keasurements  of  the  effect  of  KEA  on  the  radiation-induced  inhibition  of 
the  developnent  of  resistance  to  0,0-diethyl  0-(U*methylthio-«-tolyl) 
phoephorothloato  (IMP)  wreperfonwdc  FCr  these  measurements  23-diy  old 
male  rats  wers  given  200  tafpa.  /kgm,.  of  MEA  ten  mlnates  before  200  r  or 
UOO  r  of  x-lrradletion  and  were  then  given  intraperitoneal  Injeotlone  of 
50  mgm.  Agn  of  CMP  at  LU  dayn  of  agSo  Results  of  these  acute  toxicity 
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teiti  ahoirvd  that  $0  rngt^/kgaa  of  OtP,  an  ordinarllgr  sublsthal  dOMj, 
Mvaad  100]C  aortulity  of  rate  that  had  bean  given  200  r  or  UOO  r  vhlle 
lib]l  and  lljC  of  the  anlaale  that  had  btMHi  treated  with  MBA  before  200  r 
and  liOO  r  of  x-ray*  reepeotively*  aurvlved  after  thla  dose  of  the  phos> 
phorothloatoo 

U<'  Resnlta  of  etudlea  on  the  InHuence  of  nitrogen  nostard  on  the  aynthaala 
of  the  phoaphorothloate-oxldlalng  eniTnee  indicated  that  0o75  mga*  Av»o 
of  doaa  not  affeot  the  nonsal  development  of  this  etutyae  ayataa  and 
that  1  ■gia«AE*«  thla  alkylating  agent  eausea  aubetantlal  inhibition 
of  the  rate  of  dovolopawnt  of  the  drugHaatabollsing  ayateac 
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Thla  report  conoerM;  Additional  studies  on  the  Influenoe  of  drugs 
and  othsr  oheiiiiMi  ec^^^Js  on  the  Injurious  effects  of  x-^lrradiatlono  Tbs 
present  Btu<!^  has  been  oonoemed  irlth  the  quantitative  measursnent  of  the  ef^ 
foot  of  sodium  pentobarbital  (Nembutal)  on  the  radioprotective  setlvitF  of 
certain  derivatives  of  dlthiocarbamlo  acid,  dlnetlqrlaininoniiat  dlmethgrldithio^ 
carbaiute  (EHDTC)  and  sodium  dlethyldlthiooarbamate  (DEDFC)^  and  of  the  In^- 
flusnoe  of  selaohyl  acetate,  batyl  acetate  and  2^ijnlnow>thlaeolidlno^<^ 
carboscylio  acid  on  the  radiation-^lnduced  changes  in  ensyne  activity  of  the 
spleen,  thymus  glands  and  small  Intestine  of  the  rate 

laeasdiate  or  ultiM^  application  of  the  results  t  To  obtain  Infor^ 
matlon  concerning  the  ahlliCy  dr  various  ehsnloal  agents  to  reduce  the  In¬ 
jurious  effects  of  Ionising  radiations  in  the  spleen,  thymus  glands  and 
snail  intestine  of  the  rat,.  During  the  pest  several  months  our  attention 
has  been  directed  toward  a  study  of  the  influence  cf  oomblnatione  of  ohtol- 
cal  agents  on  the  radlatlon'^inducod  changes  in  the  adenosine  triphosphatase 
activity  of  the  spleen  and  thymuu  glands  and  the  cholinesterase  activity  of 
the  intestlneo  It  has  recently  bean  shown  that  the  combination  of  pento¬ 
barbital  with  2-amjnosthyli80thiuronluia  dlbromide  (AET)  enhanoss  the  radio¬ 
protective  activity  of  AET  and  cysteine  in  rats  (1^2)  and  monkec's  (3).  Our 
recent  studies  have  indicated  that  in  aioet  instances  the  administration  of 
pentobarbital  in  combination  or  with  mixtures  of  the  radioproteotive  agents, 

2.  mercaptoethylamine  (MEA),  AET  and  cysteine. failed  to  enhance  the  ability  of 
these  Bulfur-contelnlng  agents  to  reduce  the  degree  cf  radiation-induced 
changes  in  the  tissues  \mder  investigation  The  present  report  oontalns 
additional  information  oa  the  Influence  of  pentobarbital  on  the  radioproteotive 
activity  of  other  eulfUz^containing  oompounds  and  on  the  ability  of  various 
chemleal  agents  idiioh  have  not  previously  been  tested  for  radioproteotive  ac¬ 
tivity  In  rats  to  reduce  the  damaging  effeeto  of  r-ray  in  the  hamatopolstio 
tissues  and  small  intestines o  It  is  antleipatod  that  results  obtained  from 
experiments  of  this  nature  may  be  of  value  in  the  development  of  agents  and 
procedures  which  oan  be  employed  to  reduce  the  dsmsglng  effects  of 
radiations b 


«*«*»•*« 

Melville  et  alo  (2)  have  shown  that  the  combination  of  AET  and 
cysteine  is  significantly  mors  radioproteotive  than  either  agent  atfedni- 
stored  einf^y  and  that  pentobarbital  enhances  the  protootive  activity  of 
this  combination  in  rats  and  monkeys  (lj3)v  Therefore,  in  our  previous 
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stttdlM  Ml  were  Intorastsd  in  datennlnlng  the  Influane*  of  ponto-> 

bart>ltal  on  tho  radiopreteetlve  aotlvltgr  of  adxtures  of  AET  and  ogratolne 
and  of  nixturea  of  othar  proteotiva  coeqpoimda  in  the  apleen,  thonKia  glanda 
and  amall  Intestine  of  the  rato  The  results  of  this  stadjr  showed  t&t 
the  adnlnistration  of  pentobarbital  before  MEA,  before  or  after  ojBteine 
or  in  a  mixture  with  MEA,  reduced  glutathione  or  AST  and  qrsteine  failed  to 
enhanoe  the  proteotive  aotivity  of  these  agents  in  the  tissues  studiedo  The 
mixture  of  20  n0a«A0>o  of  pentobarbital  and  1,000  n0«,/k0Bo  of  oystelne 
provided  marksd  rsduotlons  in  the  biological  effect  of  UOO  r  of  x-lrradiation 
in  the  spleen  and  lntestine<>  Additional  studies  have  reoentljr  been  under» 
taken  to  obtain  Information  concerning  the  influence  of  pentobarbital  on  the 
radioproteotive  activity  of  othar  sulfUr«oontainlng  oonpoundSo  The  results 
of  studies  presented  in  this  report  Illustrate  that  the  administration  of 
pentobarbital  in  ooBd)inBtlan  with  dimethylamonium  dimethyldithiocarbamate 
or  sodium  diethyldlthiocarbamate  caused  a  marked  rec^action  in  the  ability  of 
these  derivatives  of  dithiocarbamie  acid  to  reduce  the  injurious  effects  of 
x-irradlation  in  the  henatopoietie  tissues  of  ratSc 

Reoent  studies  (6,7)  have  shown  that  various  alcoholic  substances 
cause  hematopoietic  stimulation  and  have  the  ability  to  reduce  the  lethal  ef^* 
feets  of  Ionising  radiations.^  Thus  we  have  recently  undertaken  a  study  (8) 
to  determine  the  ability  of  some  of  these  aloohola  to  moderate  the  rai^tion^ 
induced  changes  in  the  hematopoietic  sTsten  and  Intestine  of  ratsc  Zh  initial 
studies  it  was  found  that  batyl  alcohol  causes  s  narked  inorsase  in  splesn 
siss  in  the  unirradiated  animal  (5)  and  providee  a  moderate  degree  of  radios 
protection  in  the  apleen  givun  before  or  iaiaediately  after  UOO  r  of  x-^ray 
(d}o  Subsequent  studies  showed  th&t  the  adnlnistration  of  1,000  mgat/kgic  of 
propylene  glyool  Immediately  after  UOO  r  or  doses  of  ethyl  alcohol  ranging 
from  200  oi^oAgmo  to  $00  ngm./kgBc  either  before  or  after  z>oirradlation  pro¬ 
vided  a  substantial  redaction  In  the  biological  effect  of  x-ray  in  tha  splaano 
Tha  present  investigation  consisted  of  prellalnary  studies  undortakm  to  ascer¬ 
tain  the  radioprotective  activi.ty  of  oelashyl  acetate,  an  unsaturated  alcoholic 
derivative  having  a  chemical,  strueturo  similar  to  that  of  batyl  alcohol,  and 
of  batyl  ocotatso  The  results  of  experlmsnts  undertaken  to  determine  tha  in- 
fluenee  of  2‘-imlno-thiaaolldlne-Ij-aarbo}cyllc  neld  (reaction  product  of  eyetlM 
hydrochloride  and  potassium  cyanide)  on  the  ra  diation -induced  changes  In  tha 
ensyme  activities  of  the  spleen,  tl'^caus  glandJ  and.  small  intestlxis  are  also  in- 
cludsdo 


Materials  and  MegiodSc  Adult,  female  Sprcgoe-Dswlsy  rats  ware  used 
for  ttose  si^rlmenie  >  TIhs  animals  vers  housed  In  air  conditioned  quarters 
at  68®  to  75®  F-  and  were  given  Rockland  Rot  Diet  and  water  ad  llbltumc 
X-irradiation  was  ackainiatered  as  a  single  whole  body  e:qposure  with  a  0..  E. 
Maxlmar  Therapy  unit  employing  the  following  radiation  factors  i  250  XVP,  15 
mso,  Oo25  mn<  Cu  and  1  mmo  A1  added  filtration^  Tha  target-animal  distance 
was  75  on>.  giving  s  dose  rate  of  3U  r  to  36  r  per  minute  as  measured  in  air 
with  a  Viotoreen  ionisation  diambsr*  Selachyl  acetate  and  batyl  aeetata  were 
dlaeolved  In  a  mixture  of  60J(  propylene  glyool  and  20;S  ethyl  alcohol  ^  Tha 
prooedura  eoqployed  for  the  preparation  of  2-lalno->thlaz6lidine-UHsarboxylio 
acid  ia  presented  in  detail  ele^whare  in  this  progress  report  (10),.  All  other 
c(»g)oun(m  tested  for  radioproteotive  activity  were  injected  as  aqueous  so¬ 
lutions:.  In  all  cases  the  concentrations  were  adjusted  to  permit  injections 
of  total  volumes  not  exceeding  lo2f  of  the  body  wei^to 
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Tht  adcMslne  trlphosphatam  aetiTl^  of  tho  splaona  and  tl^Maa 
glanda  waa  asaaured  according  to  the  aethod  of  DuBoia  and  Potter  (U)  uaing 
O.SIK  hCMOganatoa  of  aploan  and  1%  hoaoganataa  of  ttogmia  glanda«  Abmjb 
ware  perfbmad  in  duplloata  uaing  Oal  nla  and  0.2  id.  of  each  aqaaoua  tiasoo 
hoMoganatOo  Inorganic  pboaphorua  mb  datamlnad  bjr  tha  aathod  of  Fiake  and 
Subbarow  (12)  and  the  anayne  aoti-vltgr  waa  ajq^oaad  aa  wierograu  of  |d)oa<^ 
phorua  liberated  frow  adenoalne  trlphoaphate  bgr  1  aiffa.  of  tiaaue  d«rl^  a 
l^HBlnate  incubation  period.  The  aoetgrleholineateraae  aotivltgr  of  the  Mall 
inteatlne  vaa  detendnad  by  the  aaneMiric  nethod  of  DoBola  and  Hangon  (13). 
A  portion  of  the  awall  inteatlne  waa  freed  frow  the  aeaenterio  conneetiTa 
tiaaue  and  fat  and  loogltodinallj  diaaeoted  to  esqpel  the  oontenta.  The 
tiaaue  waa  Mahed  with  diatiUed  water,  blotted  with  filter  pqper,  winced 
and  howogenleed  in  Rln0Br--biearbonate  buffer.  NeaaureaMita  were  conducted 
in  duplicate  uaing  ^  mgm.  of  tleaue  per  Warburg  awaael.  The  Toastfie  were 
gaeaed  with  S%  and  9^%  N2  for  five  nlnuteeo  Carbon  dioxide  evolution 
was  recorded  at  ^^niimte  Intervale  for  a  period  of  30  mlnutea  following  a 
prellnilnaty  lO^ednute  eqiullibration.  AeetylohoUneBteraee  activity  waa  ex¬ 
pressed  aa  microlltera  of  evolv^jd  per  ^  wgwn  of  tiaaue  during  a  lO- 
wlnute  Incubation  period.  The  degree  of  radloproteetion  provided  by  the 
ehewical  eoapounda  in  the  tlasuea  studied  was  e:qpres8ed  aa  per  cent  re¬ 
duction  of  the  biologically  effective  radiation  dose.  The  data  presented 
In  this  report  was  calculated  using  tlie  dose  response  curves  and  wethoda  de¬ 
scribed  in  a  previous  report  (9). 


Results 

Influence  of  sod  iun  pentobarbital  m  the  radloproteotiye  activity  of 
dertVaiivea  of  dlth^arb^o  acid  in  ihe  a|p^een|  «qwMS  glands  aii J  mbH 
in^atlne  irf  the  rat,  fke  InAuenee  of  ihe  oodolnation  of  pentobarbital  with 
varibus  8ulhu’^:;»talnlng  oonpounds  on  the  injurious  effects  of  radiation  in 
the  hewatopoletlc  tissues  and  intestine  of  rats  hea  been  desorlbed  in  previous 
reports  (It,, 9).  In  aany  instances  It  was  found  that  pentobarbital  reduced  the 
radioproteotlve  activity  of  these  aulfur-contalning  agents.  It  waa,  therefore, 
of  Interest  to  deterains  whether  pentobarbital  has  a  aiwllar  influanoe  on  the 
radioprotective  a  otlvity  of  the  derivatives  of  dLthlooarbawlo  ecido  For  these 
experiwente  grot^is  each  containing  four  rata  wero  given  2$  w^n./kga.  of  pento  ¬ 
barbital  at  various  Intervals  before  or  after  injection  of  dlnetbylawwoniuw 
dlBothyldlthloearbawate  or  eodlua  dietbyldlthloearbawate  and  than  axpoaad  to 
UOO  r  of  X-  irradlatlonr  Three  days  later  the  aniwals  were  oacrlfioed  for 
adenosine  triphosphatase  aescys  on  the  spleen  and  thyima  glanda  and  eholln- 
oateraso  weasurewents  on  the  Intestine.  The  results  of  these  neosurements 
are  presented  In  Table  1. 

The  date  In  Table  1  Indicate  that  tha  administration  of  pmtobaibltal 
before  or  after  injections  of  diBothyldlthioearbaante  of  dlethyldlthiooarbaiaate 
blocks  the  radioproteotlve  activity  of  these  locnpounds  in  the  hwutopoletic 
tissues  (9)0  The  administration  of  dlethyldlthioearbonate  ten  wlmiteB  befom 
and  pentobarbital  iiroaodlately  after  liQO  r  of  x»irradlatlon  enhanced  the 
damaging  effect  of  radiation  in  the  Inteetlnor, 

T|»  yiuewie  of  various  chea^cal  agents  »  the  ohenges  in  engywe  oc 
tivitlee  of  the  apleena,  thiywas  glands  and  ^11  intestines  rf  raia  ItMMrSarfl 
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«ftT  UOO  r  of  x-lnfdi>tlcp.  Our  prvTioaa  •tudiaii  (lt«S>«8)  Iuit*  ladleatad 
iha¥  Wiyl  proiqrliM  glyool  and  atlorl  aloohol  prorlds  a  aodarata 

dagraa  of  protaotlon  afalnat  the  injurioua  affaeta  of  x-lrradiatleo  in  tha 
aplaan*  fhaaa  atudiaa  alao  iUnatratad  that  rapaatad  Injaetiona  of  batgd 
ideohol  eaoaad  a  aobatantlal  ineraaaa  in  the  also  of  tha  aplaano  Thua  it 
waa  of  intaraat  to  datarnina  tha  inflnanea  of  aalaehorl  aeatata»  an  nnaatn- 
rated  eonpoond  haring  a  ehanleal  atruotura  alnllar  to  that  of  batyl  aleohol, 
and  batyl  aeatata  on  tha  radlatlon-lndueed  ohangaa  in  tha  anajma  aetirltj  of 
tha  aplaena»  thgnaia  glanda  and  Intaatinaa  of  ntaa  For  thaaa  axpartnanta 
groi^e  aaeh  containing  four  rata  vara  given  doaaa  of  10  npt.A^Ho  or  $0 
i^.Acno  of  aalaehll  aeatata  or  30  nga.AffOe  of  batyl  aoatate  fire  ninataa 
before  or  imadiataaj  after  ItOO  r  of  x^irradiatlon.  Three  dajra  later  the 
aniaala  were  aaorifioad  fbr  adenoaina  triphoaphataaa  aaaagra  on  the  aplaana 
and  thgfBna  glanda  and  ohollnaateraae  maaaureaanta  on  the  aeall  intaatinaa* 

Tha  raaulta  of  thaaa  axparinants  are  praaented  in  Table  2c 

Tha  data  preaantad  in  Table  2  iUuatrata  that  the  adainiatration  of 
10  ni^.  Awi-  or  50  mgacAffSo  of  aelaohgrl  aeatata  five  minutaa  before  or 
Ifloadlabaly  after  bOO  r  proridad  aigaif leant  reduetlona  in  tha  biologioal 
effect  of  radiation  in  the  aplaena^  did  net  aObatantlalljr  protaet  the  tfegnma 
glanda  aiul  appeared  to  enhance  tho  effect  of  x-ray  in  tha  intaatinaa*  Tte 
injection  of  30  egmoAgOo  of  batyl  acetate  five  minutaa  before  irradiation 
reduced  the  degree  of  radiation-indueod  change  in  tha  adenoaina  tri^wapliataaa 
activity  of  tha  aplean  but  had  only  a  all^t  banafiolal  affect  in  lie  thgena 
glanda  and  Intaatina*  Batyl  aeatata  did  not  algnificantly  raduea  the  deuging 
effecta  of  UOO  r  in  the  hcnatopoietie  tiaattea  and  provided  a  It/H  radnetion  in 
tha  biological  effect  ef  thia  doae  of  radiation  when  given  InBediately  after 
x-ray* 


The  raaulta  of  experiaanta  praaented  elaewhare  in  thia  progreaa  ra» 
port  (10)  ahow  that  2-inlno-thiasolldina-U'^arbexylio  acid,  a  metabolite 
fotmad  during  tha  datoxifioation  of  cyanic,  providea  algaifioant  protaotlon 
againat  tha  lethal  effecta  of  x-irradiatlon  in  mica  when  admlniatarad  either 
before  or  after  x-ray*  In  order  to  obtain  Infbnaation  conoamlng  tha  ability 
of  thia  conpound  to  raduea  the  damaging  effecta  of  radiation  in  the  hnuto- 
polatio  tiaauea  and  intaatinaa  of  rats,  125  nga*/)cgm*  of  the  thlasolidine 
(eqpraased  as  aquivalanta  of  HOK)  was  given  25  minutaa  before  or  25  minutas 
after  t|00  r  of  Irradiation*  The  reaulta  of  these  preliminary  atudias  show 
that  125  m0a*/kgnc  of  2-imlno-tIila8olidine-U>carboxylie  acid  providea  signifi^ 
cant  protaotlon  to  tho  aplean  whan  given  before  x-ray  and  reduced  tha  degree 
of  radiation-induced  change  in  tha  atpleen  and  thynua  glands  when  given  after 
liOO  r* 


Diacnaaion 

This  investigation  ooisiatad  of  a  oontlnnation  of  axparlmenta  under¬ 
taken  to  obtain  Information  conoamlng  the  infloonca  of  aedium  pantobaitltal 
on  tha  radioprotective  activity  of  certain  aulf\u’-oontalning  ocaqxiunds  and  to 
evaluate  the  degree  of  protective  activity  provided  tha  spleona,  thgpua  glanda 
and  intaatlnes  of  rata  by  various  ohtaiioal  agents*  Melville  at  al*  (1,2,3) 
have  found  that  pentobarbital  increases  tha  radioprotective  aoilviigr  of  the 
combination  of  AST  and  cysteine  in  rats  and  (^onkeya*  Our  reoent  studies  have 
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Activi^  eopressed  as  of  P  liberated  froa  ATP/api..  tli 
’Activity  aoqinressad  as  of  C(^  avolved/5t>  Bgno  tisaneAO 
'Expressed  as  ■gs*A0i''  eqalvdents  of  iiai« 


32 


tndlMtod  that  in  most  liwUncM  tta*  injaotloii  of  pontobarbltal  in  eoBibl<=> 
nation  or  a*  a  nlxtaro  vtth  KBS,  ¥Bk,  bTatolae  or  rodoood  glutathione  does 
not  elgnlfioantlj  inoreaae  the  proteotive  aetlvltj  of  these  eulfor-eontalning 
agents  In  the  tlesuss  under  lnvestlgation«  The  results  of  the  present  studlM 
indicate  that  pentobarbital  aaricedlx  reduoee  the  radloproteotire  aetiTitj  of 
dlnethgrlannonlcBi  dlnethgrldithioearbaaate  and  sodltm  dlethorldithlocaibanate  In 
the  spleen  when  it  is  administered  before  or  after  the  oarbanate  deriratiYes 
or  laiBMdiateljr  after  x-irradiationo 

Tbs  results  of  recent  studios  (Ua5«6)  on  the  influenoe  of  batyl  aloo» 
holy  propylene  glyool  and  ethyl  alcohol  on  the  injurious  effeets  of  x->lrradi>' 
ation  in  the  spleen,  thynus  Stands  and  snail  intestines  of  rats  stlaulated  eur 
interest  in  obtaining  infomatlon  on  the  radioproteetlYS  aotlYlty  of  the  closely 
related  conpounds,  selaohyl  acetate  and  batyl  acetateo  The  results  of  pre^ 
liainary  studies  Indieuted  that  selaohyl  acetate  provided  substantial  pro¬ 
tection  to  the  spleen  uhen  giten  either  five  nlnutes  before  or  lawediately 
after  UOO  r  and  that  batyl  acetate  causes  a  significant  reduction  in  the  bio¬ 
logical  effect  of  radiation  ahen  given  five  ninutes  before  x-rayo  Studies  are 
currently  in  pragreae  to  obtain  ixifomation  oonceming  the  influenoe  of  these 
agents  on  the  lethal  effects  of  ionizing  radiations o 

Studies  were  undertaken  to  obtain  infomation  concerning  the  radio- 
proteotive  activity  of  2-lmlno-thiaBolldinB-li-earboxylio  add,  a  aetabolite 
foraed  in  the  dotoxifloatlon  of  cyanide  with  the  following  ehsBleal  struoturei 


92 


COOH 


0 

NH 


NH 


This  agent  is  of  particular  interest  because  of  its  structural  slasilarity  to 
iET.  The  ability  of  2-lnlno-thiaBolidlne'4t‘^rboxylio  acid  to  protect  doe 
from  the  letlial  effects  of  x~irradlation  is  presented  elsewhere  in  this  re» 
port  (10)}  Adninistration  of  125  of  thiazolidine  25  nlnutes  before 

or  af^r  x-  ray  provided  subatnntial  roductions  in  the  biological  effeot  of 
UOO  r  la  the  spleen-^  In  view  of  the  prelinliwry  nature  of  these  results^  it 
is  epparent  that  additional  studies  are  required  to  nore  aecurately  evalmte 
the  radioprotective  activity  of  this  conpound  in  rats- 


Sunwary 

1-.  A  study  was  oonduoted  to  dotemine  the  influence  of  sodiun  pentobarbital 
on  the  rndioproteotive  activity  of  dinethylaiononlun  dinethyldithiooarbBa- 
ate  (more)  and  sodiui  dlathyldlthiocarbamte  (DEDTC)  in  tha  efAaana,  thynua 
glands  and  onsll  Intaatlnes  of  ratSo  AdBlnlatratlon  of  25  agXoAsUo  of 
sodium  pentobarbital  five  minutes  bsfore  or  after  IMDTC  or  lEDTC  maricadly 
raducad  tha  radloprotaetlve  activity  of  thsso  darlvativea  of  dithiooarbanio 
aold< 
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2<i  TIm  InfluancM  of  a^el^l  aeotato  and  batyl  aeatata  on  tha  ehangea  In 
tha  anqoM  aetivitlaa  of  tha  BiAaan«  tl^mas  glanda  and  Intaatlna  of  tha 
rat  MM  Invaatlgatade  It  waa  found  that  tha  Injoetlon  of  10  ■•a./kiao 
or  $0  npi. Apio  of  aalaohorl  aoatata  flira  nlnataa  bafora  or  Itaaadlata^ 
aftar  UOO  r  of  x-ray  providad  aubatantial  radnotlona  in  tha  blologloal 
affaet  of  UoO  r  in  tha  aplean  bat  did  not  algnlfleantly  banaflt  tha 
thgnaoa  |P.anda  and  naaU  Intaatinoo  Adalhlatratlon  of  30  agat/kpio  of 
batyl  aoatata  flra  nlnataa  bafora  UOO  r  of  x-ray  alao  proridad  aab- 
atantlal  protaotlon  in  tha  aplaan  bat  only  alighb  radnetion  in  tha  bio- 
loaioal  affaet  of  radiation  in  the  aplaan  waa  obsarvad  whan  batyl  aeatata 
aoa  giaon  ^■Mlrtiata^y  aftar  bOO  r« 

3o  Raaolta  of  prallninary  atudiaa  indioatad  that  adhiniatration  of  12$ 
■0a«/k0K«  of  2^1nlno-thiaaolidlne-U-oarboxyllo  aeid  (axpraaaad  aa 
aqaiTalanta  of  KCH)  25  ainntaa  before  or  25  nlnataa  after  x-irradiatlon 
provided  3T%  and  33^  reduotlona,  raapeetlvely.  In  tha  biological  affaota 
of  liOO  r  in  tha  aplaan*  This  traataant  failed  to  radaoa  tha  injoriooa 
affaota  of  x-ray  in  tha  eaall  intaatlna* ' 
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THIS  INFLUENCE  OF  ^POSURE  TO  LOV7  I£'/ELS  OF  OAMtA  OR  FAST 
»IEOTROI7  IRRADIATION  ON  THE  UFE  SPAN  OF  ANIMALS 


1 9  Modlflcatioo  and  Doa^etry  of  the  Plut^ure- Beryllium  Neutroo 

ilrradlailoo  Facility 

Ja  Doiillt  A.  Sandberc  and  Do  Qo  Oldfield 


This  report  ooncerna I  A  deseriptlon  of  certain  changes  In  the 
existing  low*le^l  fast  neu&on  chronic  Irradiation  facility  of  this 
laboratory  which  were  mode  to  Increase  the  flexibility  and  usefulness  of 
the  facility  in  the  chronic  Irradiation  pa'ograns  now  under  way,  and  pre« 
Hndnary  calculations  of  the  effect  of  these  changes  on  the  dose  dlstrl^ 
butlon  within  the  facilltyo 

Immediate  or  ultimate  application  of  the  resultst  It  Is  planned  to 
use  the  modified  fast  neutron  dfuronlc  irradiation  facility  described  In  this 
report  to  Investigate  the  pathogenesis  of  certain  chronic  irradiation  effects 
and  to  correlate  some  of  these  effects  with  radiation-induced  changes  In  the 
life  span  of  mloe^ 


The  200-curie  polonitun-bcrylllum  point  source  used  In  the  original 
chronic  fast  neutron  Irradiation  studies  in  this  laboratory  (l)  had  two 
major  disadvantages  for  the  nresent  radiation  programs»  Because  of  the 
relatively  short  half-lifo  of  this  source^  it  was  necessazy  to  frequently 
re-adjust  the  position  of  the  exposure  cages  In  order  to  maintain  a  constant 
dose  rate  during  the  exposure  periods  To  eliminate  this  difficulty f  the 
polonlunh  beryllium  point  source  has  been  replaced  by  a  plutonlun-berylUuB 
sourcOo  The  second  disadvantage  of  tho  previous  facility  was  that  the 
spherical  geceietry  imposed  by  the  point  source  United  the  nuaiber  of  cages 
and  animals  which  could  be  Irradiated  siuniltaneously  at  any  given  dose  rate-^ 

In  the  present  facility  the  point  source  has  been  replaced  by  a  linear  source 
having  a  total  length  of  about  "6  cm.  This  penoltB  the  exposure  cages  to  be 
arranged  in  a  nearly  cylindrical  array,  which  greatly  facilitates  ttie  problen;r 
of  feeding,  watering  and  handling  the  individual  exposure  cages 3  Since  the 
distance  of  the  exposure  cages  from  the  line  source  is  less  critical  in  de^- 
tensining  the  dose  rate  within  the  cage  than  it  was  for  the  previous  point 
source,  more  cages  can  be  included  within  each  of  ^e  desiired  dose  level 
groupso  The  range  of  dose  rates  available  from  a  linear  source  is  not  as 
great  aa  that  obtainable  from  a  oomparablo  point  source  having  the  same 
distance  limitations,  and  thus  in  order  to  Increase  the  dose  rate  floxibill^ 
ty  of  the  present  facility,  the  linear  source  is  constructed  of  ten  indi¬ 
vidual  in-line  sources  rather  than  a  single  sourceo  By  removing  one  or  more 
of  these  sources  and  adjusting  the  oa  figuration  of  tho  remaining  aources, 
it  is  anticipated  that  the  present  facility  can  be  given  more  than  adequate 
flexibility  for  both  the  present  and  future  chronic  irradiation  programs  of 
this  laboratory. 
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I^Bloal  descrlptioo  of  the  f aet  neutron  chronlo  irradlatlop  fa- 
oillty»  Tm  undargroana  room  whloh  waa  used  ib  house  tha  prevloua  pofonluni^* 
berylilum  fast  neutron  facility  baa  been  modified  to  permit  installation  of 
the  present  plutonlunuiberylllum  fast  neutron  ohronio  radiation  faoillty. 

These  modlfioatlons  consist  priraarlly  of  (1)  a  new  souroe  oontainment  and 
positioning  devlcey  (2)  a  different  type  of  caging  arrayy  and  (3)  tha  ad¬ 
dition  of  a  tiner-oontrolled  source-drive  system  for  beginning  and  ending 
neutron  exposure^  Front  and  top  views  of  this  roon  are  shorn  in  Figures  1 
and  2« 

Source.  ‘The  souroe  for  the  present  facility  consists  of  ten  indi¬ 
vidual  l(J-curio  plutonium-beryllium  sources y  each  contained  in  a  tantalum 
inner  container  and  a  stainless  steel  outer  container y  each  container  being 
welded  shut.  These  ten  sources  (1.55”  OD  x  3.39"  H)  were  placed  in  a  stain¬ 
less  steel  tube  (lo7"  OD  x  8  foety  type  30liy  Ho.  l6  BW)  after  the  bottom  end 
of  this  tube  was  Hell-arc  welded  shut*  A  10-lnoh  space  was  loft  at  the  top 
of  the  soiurce  stack  and  the  rest  of  the  tube  was  filled  with  a  paraffin  plug. 
The  top  of  the  tube  was  then  soldered  shut.  Since  the  sources  varied  slight¬ 
ly  in  their  neutron  emissiony  they  were  arranged  in  the  following  rdsnner  with¬ 
in  the  source  container t 


Source 

Heutron  Emission 

Position  In 

Ntmber 

in  n/aec* 

Container 

M-879 

1,83  X  lol 

1  (bottom) 

M-8n 

1,81  X  10; 

2 

H-881 

1,80  X  10; 

3 

M-878 

1,78  X  104 

U 

H-880 

1,65  X  10' 

5 

H-872 

1,68  X  10' 

1,72  X  10; 

6 

M-87U 

7 

M-873 

1,73  X  10‘ 

8 

H-876 

1,83  X  10' 

9 

M-875 

1,8U  X  10' 

IQ  (top) 

Measured  by  the  sourco  manufacturer 
on  January  27 »  1961, 


The  tube  containing  the  sources  and  paraffin  plug  is  attached  to 
tho  wire  hoisting  cable  and  is  freely  movable  within  a  second  stainless 
steel  tube  (2.0"  OD  x  16  feety  type  30U>  Ho.  16  EM)  which  extends  from  a 
point  oix  feet  beneath  the  floor  of  the  exposure  roan  to  one  foot  above 
the  roof  of  this  room.  To  nrevent  moisture  from  entering  this  outer  en- 
closuroy  the  bottom  is  welded  shut  and  is  further  enclosed  in  a  7-foot 
length  of  cast  iron  well-casing  t/hich  is  ead)odded  in  ooncretoo  The  top 
of  this  stainless  steal  tube  is  closed  with  a  blug  through  which  the  hoist¬ 
ing  cable  nassosn  This  plug  serves  to  position  the  inner  source-containing 
tube  and  isy  thereforey  adjustable.  The  souroe  holding  device  used  In  this 
facility  thus  provides  a  triple  seal  ai^ainst  leakage  of  the  plutonium  and 
fui^her  Insures  that  if  leakage  wore  to  oocory  the  exposure  rooB  Itself 
uou3.d  not  be  contaminated. 


East  Walli  Cmga  Sbelr^a 


Bxhiuit 

V«Bt« 

Ouot 


South  WaU  Cago  Shalaaa 


D 


Plgora  lo  FUat  neutron  ehronle  Irradiation  facility  (top  plan) 


Flgorc  2o  Fast  Neutron  Chronic 
Badlatlon  Facility  (Sleratlon 
in  the  Plone  of  Source  Axle) 
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The  arrangement  of  the  axpoaore  eagea  In  the  preeent  feolUtgr  la  In- 
dLoeted  In  Figures  1  and  2.  ThlD-wa]lad«  transparanty  plaatlo  oages  (6.$"  x 
11"  X  SoS")  era  used  to  house  the  aniaale  in  this  faoilitjro  Baoh  of  these 
cages  will  hold  one  rat  or  6  to  10  nlee«  The  oages  are  presided  with  vster 
(four  ounce  bottle  placed  on  top  of  each  oage)  and  food  and  a  orushed  elay 
product  (HL-Dri)  is  used  on  the  floor  of  the  oage  to  adsorb  ndstureo  Qae 
set  of  these  oages  (group  A  in  Flgiares  1  and  2)  is  oylindrioallor  arranged  as 
close  as  possible  to  the  source  tube  and  the  remaining  oages  are  plaoed  on 
librarjr  type  shalTas  wldeh  are  attached  to  the  walls  of  the  exposure  room« 

The  shelves  on  the  northy  south  and  west  walls  provide  six  locations  at  each 
level  (group  B  in  Figure  1)  whloh  are  approximately  equidistant  from  the 
souroe  While  the  shelves  dn  the  east  wall  provide  an  additional  four  positions 
at  each  level  (group  D  in  Figure  1)  which  have  about  the  same  souree-cage 
distance  as  the  two  comer  cases  on  the  west  walle  Although  the  shelves  on 
eaoh  wall  extend  from  the  floor  to  the  ceiling  of  the  exposure  roomy  only  the 
center  six  levels  are  being  used  at  the  present  time  to  avoid  exposing  the 

u>  the  extremes  in  environmental  temperature  which  exist  near  the 
floor  and  ceiling  of  the  exnosure  roomo 

In  the  present  facing  the  source-containing  tube  is  connected  to  a 
counterweight  by  means  of  a  1/8  inch  wire  cable.  A  reversing  motor  drives  the 
cable  between  nre-set  linlte  so  as  to  ralae  or  lower  the  source.  Excitation 
of  the  motor  is  controlled  by  a  timer-relay  system  whloh  permits  the  duration 
of  each  exposure  to  be  pre-set  aooording  to  any  desired  dally  aohedulso  An 
interlock  systma  is  provided  to  prevent  the  elevation  of  the  souroe  whenever 
leboratory  persocmel  oie  in  the  exposure  roomy  and  both  visual  and  audible 
alarm  aystems  have  been  provided  to  indicate  whether  the  souroe  is  elevated 
cr  within  Ita  atorage  olt.  The  motory  controlling  relaysy  and  tinere  and 
safety  devices  are  ell  located  within  the  control  room  and  are  aeosaelble 
for  renair  regardless  of  the  nosition  of  the  souroe  tube.  The  redleticn 
level  in  the  oontrbl  and  transfer  room  le  continuously  monitored  by  meene  of 
a  Of  tubo  connected  to  a  count  rate  mater  and  recorder.  The  count  rate  meter 
is  provided  with  an  alarm  system  which  ia  activated  whenever  the  radiation 
level  in  this  area  exceeds  20  milliron  per  hour.  Heutron  auneitiTe  film 
badges  are  worn  at  all  times  by  the  personnel  using  the  faeilltyy  and  keys 
to  the  exposure  room  are  issued  only  to  those  Individuals  directly  involved 
in  the  ohronio  radiation  programs  of  this  laboratory.  A  detailod  survey  by 
the  Hsalth  Physios  Service  of  this  university  indicated  that  the  radiation 
levels  in  the  control  room  and  in  all  of  the  areas  surrounding  the  exposure 
room  were  well  below  the  current  permissible  tdleranoe  levels  for  both  ganae 
and  fast  neutron  irradiation.  These  studies  also  demonstrated  that  no  radi¬ 
ation  hazard  exiats  In  the  expostxre  room  when  the  source  la  in  the  storage 
pito 


Heating  and  ventllatian  of  the  exnosure  room  is  accoti^lished  by  meene 
of  a  foread-alr  blower  system  end  an  exhaust  duot  eonneoted  to  an  adjeoent 
ataek  which  provides  eontinuous  air  flow  through  the  room.  The  temoereture 
in  the  exposure  room  ie  held  at  8o  1  3°  F»  by  thsrmoetatio  oontrbl. and  is 
oontlnuously  monitored  by  a  strip-chart  recorder.  The  present  faollity  hoe 
also  been  provided  with  running  water  to  feoilltate  the  didiy  ocre  of  the 
animals. 


Flux  and  dose  ci^uletlons  f^  ths  Pu-Be  fyt  neutron  otaro^e  Irradi¬ 
ation  feollity.  For  biological  studies  using  the  fast  nsutron  facility. 


sertral  proptnrtles  of  th«  radiation  fl^d  produeed  Iqr  the  aouroo  arm  of  In- 
taraato  Theaa  Inelndai  tha  flux  of  faat,  Intermedlatef  and  alow  nautrona 
at  any  point  In  the  flaldi  tha  flux  of  gaana  raya  In  tha  field  and  Ita 
apeotral  dlatrlbutionf  tha  abaerbad  doae  dne  to  each  of  the  above  oaapo- 
nanta}  tha  total  abaorbad  doae  In  the  field}  and  tha  dlatrlbutlon  of  LBT*a 
producing  that  doae» 

Aa  a  baala  of  oonqsarlaon  with  meaaurenenta  to  be  reported  later^  a 
oaloulation  of  the  faat  neutron  flux  expected  Aram  an  ideal  line  aouroe  of 
neutrona  haa  been  made  aa  foUowai 

A  aouroe  of  overkll  length  L  cn<,  and  linear  strength  S/L  neutrons 
per  second  per  one  is  aasunsd  eentei’ed  along  the  z*BXis  of  a  oyllndrleal 
oocrdinata  ayatem  z»  Tha  aouroe  la  aaauned  azimuthally  (0)  sye- 

metriOf  and  the  running  coordinate  of  tha  source  la  denoted  S*e  Then  tha 
Incranunt  of  neutron  flux  ^  at  the  field  point  a  due  to  "^ito  source  ele- 
mentf  S*de’/L«  la  “ 


_  S  R  da* 

Integrating  between  the  Units  ~  X  to  ,  where  X  ”  **<*  obtain 


The  plus  sign  Is  taken  for  ^  leos  th^n  s>  and  the  ndnua  sign  for  ^  greater 
than  So  "* 


Exandnatlon  of  the  funotion  n(R,s)  showe  that  for  points  near  the 
median  plana  (a  small  rslatlvo  to  the  rate  of  change  of  flux  with  raditse, 
dn/dRj  is  Indapradcnt-of  a  for  all  values  of  R*  Specillcallv,  when  R^  Is  much 
anuHer  than  LX  ~  dn/dR  deoi'easss  as  l/R  }  when  R^  is  much  larger 

than  {X  *  u)^y  the  da/<3R  deoreaaea  aa  It  can  alao  ba  shown  that,  pro- 

'dded  a  la  leas  than  or  equal  to  ^  ,  no  relative  naxlnum  or  nlnlinin  of  n  can 
exist  Tor  finite  values  of  R  and  X  «  However,  when  z  la  greater  than  a 
relative  maxlnum  oan  axista  buoh  a  naxlmum  occurs  wEen  the  increase  In  flux 
due  to  Increased  solid  angle  exceeds  t!ie  decrease  in  flux  due  to  a  larger 
value  of  R«  That  la,  the  flux  can  Increase  even  If  the  field  point  moves 
radially  away  from  the  source,  if  the  field  point  "sees"  noro  of  the  sourco 
In  so  moving^ 

To  apply  tho  above  calculation  to  the  Pu-Be  line  source  of  this  fa- 
olllty,  the  linear  strength,  S/L,  waa  taken  to  be  sun  of  the  source 
strengths  of  all  ten  Individual  aources  (1^767  x  10°  neutrons/seoe)  divided 
by  tha  total  length  of  the  aaaonblcd  aource  .(86:11  oaOo 


U1 


The  oaleulatlone  have  been  carried  out  over  a  range  of  radial  die- 
tanoesy  R,  vhleh  Include  all  of  the  expoaure  poBltlona  wralli^e  in  the 
present  faculty^  and  for  thoae  particular  values  of  a  idileh  represent  the 
vertical  positions  of  the  cages  shown  in  Figure  2a  The  results  of  these 
ealoulations  are  shown  in  Table  1  and  plotted  in  Figure  3a  Gorreotlons  to 
the  flux  calculated  heroi  which  future  neasureiBents  and/or  calculations  oan 
be  expected  to  proridOf  oonoem  the  following  Itensi  Ca)  the  source  has  a 
finite  dlaneter»  (b)  the  source  strength  S/L  Is  not  unlfom  along  the  length 
of  the  souroea  (The  tantalun  and  stainless  steel  cans  which  enclose  the 
individual  sourdes  result  in  a  segaentatlon  of  the  source  Into  active  and 
non«aotive  regional  in  addition^  the  individual  sources  have  a  serial  oardor 
in  the  assembled  source) «  (o)  The  source  strength  S/L  nay  not  be  independent 
of  the  field  coordinates  R»  a,  at  which  the  source  strength  is  eeasured 
as  assnaed  in  this  oaloulatlono  (d)  Absorption  in  the  source  eontainer 
tube  and  source  guide  tube  will  decrease  the  ealcnlated  fast  neutron  fluxa 
{•)  Scattering  from  target  awterial  in  the  radiation  field  and  froa  the  oon'- 
orate  shielding  walls  aay  increase  the  calculated  fast  neutron  flux  at  eer^ 
tain  paintso 

Regarding  Iton  (a)«  the  oorreotlon  should  be  important  only  at  field 
points  relatively  close  to  the  source  axisa  Fcr  Itea  (b)«  the  oorrecticn  is 
easily  caloulatodf  and  the  "tapering"  of  source  strength  toward  ths  alddle 
of  the  Bouroe  should  produce  a  less  rapid  decrease  in  flux  as  a  inoreasaao 
Regarding  item  (o)«  the  use  of  field  p^te  having  an  extrema  range  in  £  is 
not  at  present  canten^lated^  and  no  appreciable  azimuthal  asynaetry  is 
peoted.  Items  (d)  and  (e)  tend  to  annul  each  other's  effectsa 

•  li 

nreUjiLnary  neasuroaents  carried  out  using  an  Eberllne  HIC-l  paraffln- 
moderatedf  oadnLiar-shlelded  BP3  tube  suggest  that  most  correetlons  will  be 
oaall  for  all  of  the  oresent  exposure  positions  a  Although  those  neasuresients 
farther  indicate  that  the  calculated  dose  rates  represent  a  reasonable  approod- 
roation  of  the  actual  fast  neutron  dose  rates  in  t!>e  present  facility >  it  should 
be  emphasized  thot  the  total  radiation  dosage  rooeived  by  the  aniJoals  in  any 
exposure  position  io  determlnod  not  only  by  the  fast  neutron  exposure  but  also 
by  the  garaaa  contaminant  fren  the  source  and  the  facility  itself  s  The  gansia 
centeadnant  of  the  present  facility  has  not  been  determined  but  that  of  ths 
source  is  presumed  to  be  somewhat  lese  than  the  Oo7  gamma  ner  neutron  reenlt^ 
Ing  free  polonlum^beryllium  sources  o 

Since  all  of  the  cage  nositlcns  in  the  present  fsoillty  except  those 
closest  to  the  source  (Group  a)  are  at  least  60  oaa  from  the  souroea  tbs  vari¬ 
ation  in  flux  resulting  from  the  use  of  a  cylindrical  cage  array  is  loss  than 
-20/S  for  any  groupo  The  variation  for  the  cages  on  the  east  wall  (Groig>  D  in 
Figure  1)  is  less  than  -ID/So  niese  calculations  and  prellnlnary  tasaeureasnte 
suggest  that  only  relatively  small  correotions  should  be  needed  for  most  of 
the  exposure  cage  poeitlons  in  the  faellityo 

Baaed  on  these  flux  caletilatlons^  the  neutron  dose  for  the  various 
grot^a  of  cages  in  the  median  plane  (vertical  center  of  source)  would  be  sp- 
proxinatoly  as  foUowst 

Group  A  3a18  rad  per  10-hour  day 

Group  B  0«U7  rad  per  10-hour  day 
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Oroup  0  0*36  rad  par  10>hoar  d^r 

Oroup  S  0«2lt  rad  par  10*hoar  da^r 

Oroop  E  0»13  rad  par  lO-hour  di^ 

(oooaveralOQ  factor  for  plutoniwi*bar7lli\im  fast  nautrona  aaatimed  to  ba 
X  l(r5  rad  par  hour)  (2)„ 

The  2$>fold  ranga  In  doaa  availablo  with  the  preamt  cage  arraj 
could  be  Inoreaaed  to  lOO-fold  if  deaired  bjr  the  um  of  a  eoBwahat  dlffarent 
type  of  caging  around  the  aource  and  by  aoctmding  the  arailable  oaga  poaitlcn 
apace  on  the  eaat  wall  by  another  foot  or  ao.  Since  theae  valuea  repreamt 
calculated  neutrm  done  ratea  rather  thm  neaaured  Taluaay  it  ia  plaimad  to 
omtlnue  the  uae  of  the  praaent  oage  arriy  at  leaat  until  aeaauroBMnta  of 
total  doaea  at  ^e  rarloua  cage  pooitiona  are  oaapletedo 


SuBwary 

1«  Thla  report  omtaina  a  deaoriptlm  of  nodifioatima  wfaioh  have  bam 
made  in  the  faat  neutron  chronic  irradiatlm  facility  of  thla  Idbora- 
toory  with  regard  to  the  type  of  souroef  the  aource  eonflguratimf  the 
type  of  esepoauro  cage  and  the  arrangmmt  of  the  eacpoaure  oagaa  within 
the  fadlity* 

2  a  Theae  nodifioatlona  oonaiat  porimarily  In  the  replacanent  of  the  200-ourie 

polcnlUBHberyllltn  point  aource  with  a  lOO^urie  plntonim-berylliiai  line 
aource  md  the  use  of  a  oylindrlcali  rather  than  a  apherieal,  eacpoaure 
cage  arrayo 

3  9  Calculatian  of  the  neutron  flux  for  the  Tarlous  eoepoeure  poeitime  with¬ 

in  the  nodified  feoUity  auggeat  that  the  nodlfloatime  hanre  inoreaaed 
the  nuaiber  of  animala  which  cm  be  accoBBnodated  aixultaMoualy  in  the 
facility  and  prcnrlda  a  eufficient  range  in  doae  rate  for  both  pammt 
and  future  chronic  Irredlatioa  progrma  in  thie  laberatorys 


Referencee 

lo  DouUf  Jif  USAP  Radiatim  Laboratory  Quarterly  Rrogreae  Report  N09  21* 
Ootoher  15»  1^6»  po  107a 

29  Bine*  Oo  J**  md  Bromell.  Oa  L..  Radiation  Doeinetry  (Aoadenlo  Rraae* 
Hew  fork*  1956),  p«  676« 


THB  INFLDEHCE  OP  EXPOSURE  TO  LOW  I£VELS  OP  OAMU  AND  FAST 
NEUTRON  IRRADZATIGN  ai  THB  LIFE  3?kS  OP  ANIKALS 


II»  Effeot  of  Dose  R«ta  on  Life  Span  Sb<Mrtwlng  af  Mica  Etooaed 
to'  (iifarcide  Low  Itgvi  yaet  neutron  StrriiSUfa[«  ' 

A«  Scndbarc  and  J*  DouU 


This  report  oycwmst  Survival  data  for  CFn  female  adoe  expoaed  to 
fFactlocated  ohrcmlo  faai  neutron  irradiation  throughout  a  duration  of  life 
redlatlou  expoeure  program. 

Iwaadiate  or  idtlnate  applloatlon  of  the  resultai  To  obtain  additional 
infoanoa^on  on  Injury  and  rMove^  proeeaaes  from  ehronio  radiation  ao^)0> 
tmre.  These  preSdmLnary  studies  have  permitted  a  quantitative  oosqpiirlsQn  of 
the  effeots  of  ohronlo  fast  neutron  irradiation  with  gama  irradiation  for  the 
life  span  shortening  effect  produced  by  irradiation.  The  effeeto  of  ohronie 
irradiation  will  be  detennlnod  qualitatively  from  the  histopathologloal  sousd- 
taatlon  of  the  tissues  of  mioe  reoelving  gsmia  snd  fast  neutron  irradiation. 

Proa  additional  studies  now  in  progress  eoneemlng  the  longevity  response  to 
fast  neutron  irradiation^  additional  Infoormatlon  eoDoemlng  the  effects  of 
variation  In  dose  rate  are  being  obtained  which  will  be  of  value  in  detendoing 
the  eiivlronmental  hasard  associated  with  fast  neutron  eoqsosure. 

»«««»«*» 

Various  model  systems  hove  been  proposed  in  recent  years  for  prs.* 
dieting  ohronie  radiation  injury  and  nunerous  mathematical  ti^atmonts  have 
been  applied  to  chronic  radiation  survival  data.  In  order  to  determine  sooh 
effects  as  life  apan  shortenlngy  additional  infomation  is  needed  regarding 
the  changes  In  sux^val  pattoam  as  a  function  of  dose  rate  and  azposure 
pattern. 


In  prorvlous  studies  In  ohis  laboratOKy  ecnoerning  the  effeots  of 
ohronlo  ganma  and  fast  neutron  Irradiation  life  span  shortening  was  used  as 
the  principal  poreraeter  to  dotcrnlne  the  effects  of  varlatloa  in  dose  rate, 
total  dose,  and  exposure  pattern  (l^li).  In  the  present  study  a  constant  ex¬ 
posure  pattern  has  been  eniplpyed  so  that  the  only  variables  are  tho  dose  rate 
and  the  total  accumulated  radiation  dose. 

In  addition  to  the  survival  Information  obtained  in  this  study, 
aniinals  have  been  sacrificed  at  various  Intervals  throughout  the  expvlmsnt 
so  that  additional  Information  oonoemlng  the  pathological  findings  oan  be 
obtained.  In  the  previoue  experiments  in  this  laboratory  histopathologloal 
studies  wez^  canrled  out  only  on  animale  which  had  died  or  wore  saerlfieed 
In  a  terminal  condition.  It  Is  anticipated  that  the  present  experiments 
will  provide  Infonaatlon  concerning  the  time  of  onset,  rats  of  progression 
and  ineidanee  of  the  pathological  findings  observed  in  the  previoue  studies 


uu 


Intaria  roports  h«re  been  pgreaented  cotMeniliig  the  aortality  etetua 
ot  the  obroole  teat  neutron  eacpoevre  progra*  ea  well  aa  the  ooqAete  aur* 
viral  data  ter  the  ehronlo  game  Irradiation  atu4f  (6^7)  •  The  preaant  ra« 
poort  eontalna  the  aurrlval  data  tor  the  taat  neutron  Irradiated  grotqio 
throu^oat  the  entire  duration  of  lite  atudy* 


Hatariala  ^  Masada*  Adults  toMle  Carworth  Faraa  CIS  alee  ware 
uaed  ter  iilbeaa  ebmBLeaa  fee  anlwala  were  between  12  and  16  weefia  of  age  at 
the  beglnikng  ot  the  eoepoeure  period  on  April  17«  1961*  The  anlnala  ware 
houaed  in  groupa  of  20  aninale  per  eage  in  atandard  atainleaa  ateal  labora¬ 
tory  eagea  (9  x  Hi  x  7  inehea)  with  wire  laeah  floera.  They  wore  provided 
with  food  (Roeiaand  Laboratory  Kouae  Chow)  and  water  yi  llM.ti»»  The  irradi¬ 
ated  were  houaed  oontinuoualy  in  the  taat  neuWon  IivdbLation  f a^ 

ollity  ot  thla  laboratory  and  the  control  animala  were  kept  in  an  area  which 
closely  aparoxlnated  the  envlronnantel  conditions  in  this  teeility*  Since 
the  aninale  ooUld  be  oontinually  housed  in  the  fast  neutron  teoility  and 
Irradluted  while  In  tho  oages  In  which  they  lived,  no  dieturbaaoe  by  ad¬ 
ditional  handlinc  vao  neeeasaryo  The  aninela  were  eheoked  dally  tor  aMa> 
tallty  and  tumor  inoidenee  wee  noted.  The  tenporature  in  the  teat  neutron 


The  ohFonlo  fast  neutron  Irradiation  exposuree  ware  adalnietered  by 
neane  of  a  lOO-ourie  plutoniun-beiylllua  aouroe.  The  average  energy  of  the 
plutonlw-beryllitaQ  fast  neutrons  la  MBV.  The  detailed  deaexlptian  of 
thla  taoUltyi  as  well  aa  the  doalioetry  oaleulatlona,  is  given  in  the  pre¬ 
ceding  section  of  thla  report  (6).  The  dally  test  neutron  expoaves  ware 
adalnietered  over  a  9.7  hour  tins  period  between  lOtOO  P.M.  and  8tOO  A^M. 
by  means  of  a  tlnlnc  oirouit  whioh  activated  iche  aouroe-hoietlng  motor. 


Reeulte 


Effect  of  ohronio  faat  neutron  toyilatioo  the  ^e  seen  Cti 
female  mioe.  Ttoo  eroupa  ot  mice,  eeoh  ot  wbleh  oooteined  ialiielly  300 
anliiata,  wwe  uaed  for  these  atu^ee.  One  ot  these  groupe  was  bou^  in  15 
oagea  whioh  were  plaoed  in  a  aemloirole  30  om.  from  the  line  aouroe  and  the 
second  graap  of  animals  waa  located  in  eagea  which  were  100  on.  iron  the  taat 
nsutron  aouroe. 

ftwlininary  caloulatlone  ooneeming  the  dose  rate  tor  these  two 
groiqie  indioated  that  the  group  looated  30  om«  tren  the  line  aouroe  reeeived 
1.5  rep/day  and  that  the  doso  rate  tor  the  groi^  located  100  am.  tron  the 
aouroe  vac  0.1$  rep/day  (7).  Further  calculations  on  the  dose  rata  have  now 
been  completed  and  indicate  that  the  high  level  of  neutron  izradiated  aninala 
received  1.66  rad/day  and  that  the  lower  level  reeeived  0.2U  rad/day.  Theae 
flguroB  are  baaed  on  the  neutron  tl\a  in  the  middle  of  the  cage  perpendieular 
to  the  oyllndrioal  radios  tren  the  center  ot  tho  in-line  souree. 

nie  survival  data  for  the  neutron  irradiated  and  oontrol  groups  is 
shown  in  Figure  1.  The  group  whioh  received  1.66  rad/dey  oonsieted  of  300 
animalo  at  the  initiation  of  the  escoeriiaent  on  April  17,  1961  and  the  aur- 
vlval  data  presented  here  nre  based  on  26U  animala,  the  remaining  adea  having 


X«4TAjns  %v»o  •Mid 


Sffaet  of  ctaronle  low  lowal  •xposorw  to  fawt  nwotroo  irradiation  on  tho  worwlwal  of 


b6M  Baorifloed  for  hlstopathologloal  studies  during  the  experlnental  perlod« 
The  second  group  uhloh  r  eeelTed  0«22t  rad/dagr  else  ortglnallj  consisted  of  300 
anlaels  end  the  date  for  this  group  are  ivesented  for  275  adoey  the  raasinder 
having  been  saorifloed*  The  control  group,  which  was  oorreoted  for 
that  were  reanved  and  aaorificed  for  the  histopathologioal  studies  and  for 
the  occasional  animals  whioh  escaped  or  were  Inadvertenlj  killed  during  cage 
changing  and  handling*  consisted  of  3I1O  aniauOst 

A  log  probit  analTsie  of  the  ■ortallty  data  was  used  to  detemlne  the 
aedlan  survival  time  (ST^q)  for  eaoh  of  the  Irradiation  groups  and  for  the 
control  aninalsi  The  resets  of  these  deter:  Inations  are  shown  in  Tabla  1* 


TABIE  1 

EFFECT  OF  ClRCtJIC  FAST  NEUTRCK  HfflADIATIOH  CH 
THE  UFE  SPM  OF  CFi  FEMAIB  HICB 


Daily  Dose  of  Past 
Neutron  Irradiation 
(rad) 

Median  Survival 
Time  in 

Weoks 

Life  Span  Sbertoning 
{%  of  Control) 

0  (controls) 

53 

>9*0 

0.2li 

51 

3e7 

1.66 

la 

22.6 

The  probit  transfonurtlons  are  shown  in  Figure  2»  These  prbbit  plots 
approodLaated  strai^t  linos  only  after  an  initial  35^  aortallty.  Barly  deaths 
before  this  period  straggled  out  quite  Irregulvly  which  suggests  that  there 
were  two  different  nodes  of  death  caused  hgr  tlie  ohronio  fast  neutron  irradi¬ 
ation*  The  slopes  of  tbo  probit  analysis  curves  increase  as  tho  rsiUatlen 
dose  Increases*  that  of  the  low  level  (O.zU  nti/doy)  being  greater  thaa  that 
of  the  oontrol  group  (0  reVdey)  and  less  than  that  of  the  high  irradiation 
level  (lg66  rad7dsy)«  This  would  suggest  that  chronic  neutren  irradiation 
not  only  initiates  the  natural  processes  leading  to  death  earlier  but  onoe 
the/  are  initiated  they  are  also  accelerated*  The  histopathologioal  studies 
will  sake  it  possible  to  detersdne  whether  or  not  the  causes  of  doath  were 
ossentlally  the  same  in  the  control  anlnals  as  in  those  rooelTlng  daily 
neutron  oxposuro* 

Although  the  survival  data  for  the  groupe  of  nice  ecepoeed  to  gmna 
Irradiation  at  dosoo  of  7  rep/day  to  b8  rep/day  havo  been  presocted  in  a 
previous  report  (6)*  the  life  span  shortening  as  a  functi<»  of  dally  doea  is 
presented  in  this  report  so  that  sesne  esnparison  of  the  effects  of  gasna  and 
fast  neutron  Irradiatian  can  be  aado*  This  is  presented  in  Figure  3  irtwre  it 
can  be  seen  thet  the  slopes  of  the  linos  for  ganaa  and  fast  noutron  irradi¬ 
ation  differ*  Since  tho  slopes  of  these  ourvos  are  not  tho  earn  ae  datemined 


ftir  C«nfc  SnrrlTal  In  PrcMts 


90 


It  trantforaatlon  of  BunrlT&l  data  of  CF]^  fesaale  mica 
nautron  irradiation o 


Figura  2c  Prob; 
axpoaad  to  obronio  faat 


#T» 


Iqr  tht  pr««ent  data,  tha  relative  biological  effloieaojr  will  differ  fcr  each 
per  cent  life  span  shortening  value,  being  greater  at  the  lower  dose  leveXs 
and  less  at  the  higher  dose  levels.  If  the  gaana  curve  is  extended  to  in* 
elude  a  Ufa  span  shortening  of  20^,  the  RBB  la  UoS  whleh  agrees  well  with 
the  value  of  five  detaxudned  In  previous  studies  in  this  laborator/  bgr  Noble 
et  al»  (1). 


Disoussion 


The  present  studies  In  onr  laboratory’  oonoemlng  the  life  spw 
shortening  effects  of  chronic  fast  neutron  irradiation  have  been  of  a  pro* 
lisinaxy  nature  to  detendne  whether  the  output  of  the  present  fast  neutron 
chronio  Irradiation  facility  is  adequate  to  produce  a  wide  range  of  life  epan 
ehorteningo  FToa  tha  data  presented  In  this  report  and  frost  the  calculations 
ooneeming  dose  rates  at  various  positions  in  the  fast  neutron  facility,  it 
eaene  likely  that  this  can  be  attained  and  the  present  source  is  adequate 
to  produce  a  range  of  life  span  shortcaing  of  fron  Osd  to  about  50jS  by  varying 
the  distance  of  the  animals  fron  the  sourco  and  ty  increasing  or  decreasing 
the  daily  exposure  tine.  Since  these  studies  have  shoun  that  this  fadll^ 
is  suitable  for  causing  a  id.de  range  of  life  span  shortening,  other  groups 
of  animals  have  been  placed  in  the  neutron  Inradiatlon  room  as  indicated  in 
the  previous  section  of  this  report  irtilch  demonstrates  tho  positioning  of  the 
five  additional  groups  of  aninals  added  to  the  study.  These  groups  will  make 
it  possible  to  obtain  additional  information  concerning  tho  effects  of  dose 
rato  on  survival  of  ohronicuU/  ixi'adlalcu  atdj^ials  since  additional  dorege 
levels  need  to  be  investigated  to  acouratoly  detcxmlne  the  relationship  be¬ 
tween  the  dose  rate  and  life  span  shortening. 

Since  the  ohronic  toxicity  of  Irradiation  is  expected  to  depend  on  a 
balance  between  tho  continuing  damage  produced  by  the  radiation  and  the  ability 
of  the  irradiated  animals  to  keep  pace  with  the  damage  by  repair  prooesses,  the 
nature  of  the  Injuxy  and  the  recovery  processes  in  these  chronically  irradiated 
animals  needs  to  bo  investigated  to  determine  their  contxdbutione  to  life  span 
shortening.  It  is  antiolpoted  that  tho  histopathologiool  examlnatioo  of  the 
tissues  the  chronically  Irradiated  nice  will  rive  seno  Indlestlon  of  the 
nature  of  this  injiny. 

Since  a  rosemblsnoo  between  the  Cooiperts  curves  for  irradiated  animals 
and  non-irradlated  controls  has  been  observed,  it  has  been  postulated  that 
radiation  advanoes  the  onset  of  the  aging  process,  but  Upton  (9)  in  studying 
the  mortality  rate  of  mice  exposed  to  atonic  bomb  gmisui  rnys  found  that  the 
Oonperta  otnnros  are  not  only  displaced  to  the  left  but  are  also  Increased  in 
slope  at  high  dose  levels.  Strehlar  and  KLldvan  (10),  in  predlotlng  the  re* 
lationship  between  tho  Gaaporba  elope  and  radiation  exposure,  have  shown  that 
the  Oonsrts  slope  will  be  increased  propcrtionally  to  the  dose  rate  for  oon* 
tlnuous  exposure.  Although  we  have  not  applied  the  Qomports  analysis  to  our 
data,  the  log  probit  analysis  would  suggest  that  since  the  slopes  Inox'ease 
with  Inoreaslng  dally  dose  the  effects  of  ohronio  irradiation  do  not  marely 
decrease  the  time  of  onset  of  tho  aging  process. 

In  a  recent  revleir  coocoming  oxperimontal  studies  in  the  field  of 
ionizing  radiation  and  aging,  Upton  (?)  has  compUod  data  fron  several  in* 
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veatlgEtars  conocmiJig  tha  relatlooship  batwean  Ufa  spaa  ahortenlng  and  tha 
log  of  tha  doaa  rata*  The  data,  vhloh  wa  hara  prasantad  la  thla  raport, 
agraaa  aeU  vLth  that  found  tor  thaaa  Tarioua  lomatigatooni  oonoamlag 
gana  and  faat  nautron  IrradiatloD* 

SLnoa  at  tba  praaant  tlae  ue  hava  aurvtval  data  on  only  tha  two 
original  groupa  of  faat  nautron  Irradlatad  aniiaala,  It  la  not  poaaibla  to 
datamdaa  tha  ahapa  of  the  ourra  of  Ufa  apan  ahertanlng  plett^  agalaat  tba 
log  of  tha  dailjr  doaa,  but  tha  additional  groupa  of  aniaala  ahlob  hava  baan 
addad  to  thla  atudjr  will  giva  aoaa  indleatlon  of  Ita  ahapa*  Uthough  ad^ 
dltional  doaa  lavala  naad  to  ba  atudiad  regarding  gama  Irradiation,  tba  ra> 
aulta  of  tha  praaant  Inveatlgationa  anggaat  that  there  la  a  Unaar  relation- 
ablp  batwaan  tha  Ufa  apan  ahortening  and  tha  log  of  the  doao  rata.  Of  par- 
tioular  inportanea  la  the  inolualon  of  very  low  doaa  rataa  alnoa  the  raaulta 
obtained  in  tbia  region  will  aid  in  datemining  whatbar  a  thraahold  i^noMna 
axlata*  Tha  praaant  data  would  suggest  that  suoh  a  thrash(dd  phanoBMna  axiato 
for  ohronlo  gaaaMi  irradiation*  Neary  H  al«  (11)  hava  ahown  that  a  strai(dtt 
line  providss  a  good  fit  to  thatr  rasvdta  a^  one  Intanratatian  of  thia 
linear  relationship  is  that  a  thraahold  of  between  1  r  and  2  r  daS-ly  aodata 
below  vhloh  no  shortening  of  survival  tine  is  produced*  If  a  Oausaian  ewe 
la  fitted  to  the  experimental  results*  the  meaning  of  the  very  low  doaaa  la 
lesa  clear* 

A  Qflwparlaon  of  available  Infomation  on  aortaUtgr  of  ohronieally 
irradiated  mioe  by  Neary  et  al«  (12)  suggeata  that  the  REB  for  this  affeot 
Is  aboul  ton,  although  we  bavo  found  in  the  present  study  that  it  varies  for 
different  life  span  shortening  values*  Vogel  et  al*  (13)  have  deiwcQstratcd 
that  the  RBB  of  gamma  irradiation  to  fission  nieuCrons  for  aoute  3(X-day 
lethaUty  Is  2*0  and  that  It  is  not  significantly  elevated  whan  tba  doses 
are  fractionated  in  13  daily  doses  so  that  several  subaonte  cnq>OBnres  pro- 
duoed  effects  q^lite  similar  to  single  exposures  but  differed  fxw  thoee  of 
ohronle  Irradlatian* 

The  findings  of  these  studies  and  previous  studies  in  this  labore- 
tory  will  be  extended  when  the  survival  data  of  the  additional  groupa  under 
study  beoons  available  and  when  the  hlstopathologleal  amaadnation  has  bean 
oonpletedo 


Smaury 

1*  Two  groupa  of  fwale  mioe  have  been  expoeed  to  ohronlo  fast  neutron 
irradiation  at  dose  rates  of  0«2U  rad/day  and  1.66  rad/day  tbrou^ioat 
a  duration  of  Ufo  radiation  exposure  program  to  obtain  Infoarmatlon  on 
the  Ufo  span  shortening  and  hlstopatholo^al  effects  of  this  type  of 
radiation  aacpoaure* 

2*  The  median  survival  tine  of  non-irradiated  control  nioo  was  weeks, 
while  that  of  the  irradiated  groups  was  Ul  weeks  for  the  aloe  wbLeh  r»- 
oeLved  1*66  rad/day  and  $1  weeks  for  the  udoe  which  rsoeivod  0*2U  rad/ 
day. 


3. 


$3 

Th*  group  of  adoe  exposed  to  0.2U  rad/dey  exhibited  e  life  epn 
■hortenlng  of  3o79(  while  the  group  wtdoh  wee  exposed  to  1.66  red/d^r 
ea^bited  m  22*^  life  span  8hoart^ag» 

The  alopee  of  the  prOblt  analyelB  ourvea  inoreaee  as  the  radiation  does 
Inereaaee  Indloatlng  an  early  Initiation  of  death  prooeaeea  as  well  as 
m  aoosleratlon  following  their  Inltlatlone 

$o  The  RBB  of  ganxa  to  fast  neutrons  as  detemined  hy  the  present  data 
d^ers  for  the  rarlooa  per  cent  life  span  shortening  values^  being 
greater  at  the  low  dose  lerOls  and  deoreaslng  at  high  doss  levelBo 

6«  Additional  groups  of  animals  hare  been  placed  In  the  fast  neutron  fa* 
olllty  to  obtain  eddltl<nal  Infomation  eonoemlng  life  span  shorteningc 
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TMe  roport  oyeemet  Further  etudlee  on  the  acute  Intranronoua  teen* 
loity  of  ihe  rare  earik  ocnpoiaads  of  the  lanthanon  eerlea  uhen  adsdnlatered 
alcne  or  in  cceiblnation  vlth  wholo  boc^y  x^irradiatlon  and  etudiea  to  cilitatn 
Infonaablan  oonoemlnf;  their  effeota  on  intamediary  inetabdlian« 

Biaadlate  or  ^tlna^  anpHoatlon  of  the  res^tat  Beeauae  of  the  in* 
ereaae  In  industrial  utilisation  o^  ttw  rare  earih  ooMpoondaf  mre  Infor¬ 
mation  ie  needed  on  their  toadLeity«  Equally  important  is  the  effeot  of  Blanl- 
taneooa  expoaiu'e  to  rare  earth  conpounda  and  io^iins  radiationa  that  eould 
reault  from  a  nuolear  reactor  accident*  It  ia  anticipated  that  this  progrn 
viU  provide  infomation  on  the  toadeity  and  bidlogioal  aetivlty  of  these 
compoonds  and  the  problems  that  could  ailse  from  simnltaneous  exposure  to 
radiation  and  flsalan  products -> 


Intravenous  toxioily  studies  on  the  rare  earth  nitrates  in  this 
laboratory  (192)  have  ehom  that  they  are  highly  toade  and  that  a  sax  diffatr- 
ance  exists  with  respeot  to  the  susceptibility  of  rats  to  the  licht  lanthanons 
(oerlumf  praseodymiuB»  neodyniwif  and  samarium}*  The  ionised  salts  wsra  found 
to  be  7  to  10  times  more  t<^e  to  female  rats  than  to  malM  when  adrdnlBtared 
as  unneutralizod  aqueous  solutions*  Erbium  nitrate^  a  member  of  the  heavy 
lanthanons^  is  highly  toxic  taut  it  does  not  exhibit  a  sax  differenee  la  toe- 
ioity  to  rats  (1)« 

Sublethal  doses  of  idiole  body  x-irradlation  (50  r  to  500  r)  together 
with  Intravenous  praseodysdvn  (2  a^*/k0a*)  inorsassd  the  number  of  hbearved 
mortalities  31^  to  9t%  over  the  mortality  resulting  from  praseodyaiUK  alone 
(1)*  Studlea  by  Molville  and  Riese  (3)  and  previoue  studies  la  this  laborai- 
tory  have  almo  dsmonotrated  an  iaorease  in  mortality  of  rata  reoeivlag  tte 
rare  earth  aalta  intraperltooeally  in  oomblnation  with  whols  body  irradlatlan* 
When  Bublethal  doaaa  of  the  rare  earth  nitrataa  wars  given  with  500  r  of  x-ray* 
a  to  63%  Inoreaae  in  mortality  waa  bbaarved  (U)  * 

With  regard  to  metabolio  atudias*  intravanoua  praaeedjrmlun  (2  ngk,/ 
kgm*)  WB8  found  to  have  no  aignifloant  effeot  on  the  blood  fp.neooa  of  male 
rats  op  to  72  hours  after  sdainiBtrBtloni  however*  in  famala  rata  an  avaraga 
deoreaaa  of  $3%  fbom  control  valuea  was  noted  during  this  time  Intarvalo 
When  given  with  500  r  of  total-body  x>irrediatian*  e  29fl  deereaae  waa  albeerved 
in  2k  hours  as  oomparod  to  a  deereaao  of  ']S$  for  prasoodymiwi  and  iBjt  for  x-ray 


•Ion*  (l)o  SBgrdtr  and  StafAma  ($)  found  that  Intravenooa  earlm  cULorida 
oanaad  a  daoraaaa  in  aaana  glnsoat  of  feaala  rata  followad  bgr  an  inoraaae 
In  plawa  fraa  fattj  aolda  anggaating  that.tha  ftrat  affect  of  oarlm 
ohlerida  waa  on  earbohgrdrata  MtabollM.  In  addltlan«  na  hare  found  that 
iflaolng  fanaXa  rata  on  a  high  oarbolvdrate  diet  hjr  tho  ackalniatratlon  of  a 
anaroaa-aallna  ablution  ad  llbitat  prior  to  IntraYonoua  praaaodjndun  oauaad 
an  apparent  reduotlon  In  ika  iog3!aLty  of  thia  oonpound*  It  alao  praventad 
tha  daeraaaa  In  tha  endogenona  raaplratlon  of  llYar  alloaa  found  after  tha 
intravanoua  adnlniatratlon  of  praaaodynluB  nitrate  (6)  •  Our  atudiaaf  uhioh 

alao  Indioatad  that  the  ineraaaad  urinary  eotoratlon  per  aa  vaa  not  tha  raaaon 
for  tha  daereaaa  In  toodolty  of  thla  ooeqxxtnd^  are  aupporiad  bgr  tha  atudlaa 
of  Aeberhardt  at  al«  (7)  and  Caatalllno  at  il»  (6)  who  found  that  intra¬ 
venous  oarlun  ifian  given  aa  the  ionised  aalt,  la  taken  up  by  tha  liver 
and  excreted  by  way  of  the  bile  with  no  intestinal  reabsorptlon* 

Materlbla  awi  M^ode»  Adult «  fen^e  Spragua-Dawley  rats  (200  to 
250  ^u)’  ueira  used  for  these  experlxMotsa  Tha  anlaala  were  housed  In  air- 
condltioned  qxiarters  and  given  water  and  Rockland  Rat  Diet  ad  llbittaio  On- 
neutralised  aqueous  aolutlcns  and  colloidal  solutions  of  praaeodyalUB  In 
isotunlo  saline  were  given  by  tall  vein*  The  pH  of  the  unneutrallsad  so¬ 
lution  waa  5*5  whlla  the  eoll<d.dal  hydroxide  prepared  by  the  addition  of 
sedltai  carbonate  to  tha  dissolved  nltrnte  salts  was  pH  10«  Dally  adudnl- 
stratlon  of  5  ngnaAgn*  of  testosterone  proplanate  subeutaneoualy  in  aaaana 
oil  (10  ingB«/alo)  waa  started  30  days  pirlor  to  the  Intravanoua  adnlniatratLon 
of  praaeodymltaB  nitrate* 

HLood  glucose  (total  reducing  value)  was  detemlned  by  the  oathod  at 
FoUn  and  Ifelinroa  (9)  employing  tha  ndoronodlfioatlona  of  Ibrk  and  Jotaaon 
(10)*  Serial  aamplea  of  whole  blood  (0*05  ml*  in  dupUoate)  were  obtained 
by  aootloning  the  tail  under  looal  aneathealB*  Tieaue  alloaa  of  rat  aplaen 
ware  prepared  using  a  Stadie-Rigga  wLorotone  (U)*  The  alleea  ware  auapended 
In  Kreba-Ringer-phosphata  buffer  (pH  7»}0»  The  endogenous  respiration  was 
measured  nanometrloally  at  3U^  C*  In  an  atmosphere  of  pure  coygen  following 
a  KMidnuta  equlllbrstlon  period*  The  QO2  values  were  oaloulated  from  tha 
dry  weight  of  tha  tissue  slices  which  were  dried  to  constant  weight  at  105**  C* 

X-irradlatlon  was  administorod  as  a  single*  total-body  expoeura  with 
a  0*  E*  Haxlaar  therapy  unit*  The  radiation  factors  were  aa  foUowai  250 
KVP*  15  ma**  0o25  na*  Cu  and  1  nino  A1  added  filtration*  Tha  target-Milaal 
dletanoe  was  75  am*  and  the  dose  rate  rias  35  r  to  37  rA>lnute  as  nsasurad  in 
air  with  a  Viotoraen  ionisation  ohanbar* 

The  nitrate  oenpound  used  in  this  study  was  obtained  from  Lindsay 
OMnloal  Company*  West  Chicago*  Illinois* 


Results 

affyt  of  praseodbmdwt  nitoata  olua  500  f  of  toUl>»body  x»ljnradl- 
ation  on  iha  an<iamnoaii  reaniration  of  spleen  alioea  of  fanalo  rato*  Tbs  ef- 
Fiwrrfa^lrrad  lauon  and  praseodymium  on  the  endogenous  respiration  of  spleen 
elloea  Vae  measured  at  2b*  U8  and  72  hours  after  iribniltanaons  adadniatratlon 
of  2  rtffita/kpia  plus  500  r  of  x-ray  or  rare  eairth  and  x-ray  alone*  Thla 
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eoniblnatlon  of  tho  rar«  earth  and  radlatioa  had  prevloujily  been  fowd  to 
oauBO  1005  Mortality  In  famalo  rato  (2).  The  reaulte  of  this  study  are 
shorn  In  Table  1  In  irtiloh  the  average  and  range  of  valnos  «e  given  for 
groups  OQotalnlng  at  least  four  aniaialst. ' 


TABLE  1 


EFFECT  OF  CllRAVEBOUS  RUSECDYKIIM  AMD  WHOIE  BOOT 
Z-IRIIAOIATION  ON  THE  ENDOOEEOUS  RESFCRATIdl 
OP  RAT  SFIEEE  SLICES 


QO2  Values 


Treatment 

— 

Hours  After  Treatment 

2U 

U8 

72 

I*Vo  saline  controls 

11,2 

(10.6-11.8) 

•  •e 

Saline  1*7*  plua  500  r 
x-ray 

9,6 

(9,U-10.1) 

8*5 

(7o7-9.1) 

8.8 

(7.9-9.8) 

'Vaasodyniun  2  ngm.AsiO')  IsVo 

12.8 

(11.9-lii.O) 

1U*5 

(11,7-15*2) 

3J(*6 

(12*>16*5) 

I^’aaeodyndua  2  ngm./kgn«  1*V«. 
pine  500  r  x^oray 

9.2 

(8.9-10.9) 

8.5 

(7.9-9,2) 

8.9 

(8.3-9.1) 

^RraaeodTolun  adtdnletered  as  the  nitrate  salt  to  groups  eon* 
talnlng  at  least  four  anijnals» 


Tho  oaongen  oonsuaption  was  dooreaeed  12  to  13',i  at  2Uf  U8  and  72 
hours  after  500  r  of  x*ray.  Results  obtained  by  Barron  (12)  agree  with 
those  obtained  at  U8  and  72  hours  after  UOO  r  of  whole  b?4y  x-lrradlation 
as  do  thoso  of  Sullivan  and  IXiBols  (13)  at  2U  end  72  hours*  However^  a  5^ 
iohlbitlon  in  endogenous  respiratlan  noted  by  Barron  at  2li  hours  «id  the 
inhibition  by  Sullivan  and  DuBois  at  U8  hours  was  not  found  in  those  studies 
with  500  r  of  z-ray* 

nrassodyndun  given  ^  vivo  as  tho  ionised  aalt  was  found  to  inereass 
the  endogenooB  reapiraticn  ISlji  to  135  at  tho  2h,  1(8  and  72*hour  intarvalSo 
The  ooBblned  effecte  of  radiation  and  praaeodynlvni  were  eaeentially  the  sane 
as  those  Obtained  for  radiation  alone  and  the  stluulatory  effeet  of  prater 
4yndw  was  naskedo  CoUoldal  prassodjmlum  (2  ngn.Aezo)  found  to°have  no 
effect  on  the  endogenous  respiration  of  spl^  sUoea  at  2l(  or  US  hours  after 
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adbdnlstration*  Aa^hardt  at  (7)  found  that  in  the  eeae  of  iooio 
oeKltBa-ll4li  epfiroxlMfMlar  Oo^ToTihe  adalidetered  doee  wu  found  in  the 
spleen  for  the  first  72  hours  while  epproodnetely  li<>og(  of  injected  colloidal 
oerlvn  (pH  10)  was  found  In  the  epleen  during  the  first  U8  hours*  If  this 
is  true  for  praseodynluai^  the  next  neaiiber  in  the  scries  of  lanthanides^  it 
would  tend  to  indio^e  that  although  aore  of  the  ooapound  is  present  it  is 
not  aotive  when  adnlniotered  Intranrenonsly  ae  a  coUoido 

I^ynoe  of  whole  bo^  x-irradiation  on  rare  eytt  toadcity*  Con¬ 
tinuing  studies  (2)  on  tha  inAusnoe  of  varjlng  doses  of  whole  1>tdr  x-irradi- 
atlon  on  mortality  In  female  rats  receiving  2  ngn,/kgtia  of  intravenous 
praseodymium  metal  are  Shown  in  Table  2»  Qroupe  containing  $  or  10  animals 
wore  given  rare  earth  nitrate  or  x-ray  alone  or  in  ooahlnatian.  IVaaeodymlun 
was  given  10  to  1$  minutes  prior  to  whole  body  irradiation  in  re¬ 

ceiving  both  x-ray  and  rare  earths 


TABI£  2 

THE  INFIHEHCE  OP  VARYIN3  DOtiSS  OP  WHOLE  BCD! 
X-IRRADIATION  ON  THE  MORTALITY  OF  FEKAX£ 
RATS  QIWS  HtASECDUaUH  HITRATB 
INTRA’/EKOUaLT 


Treatment 

Hortality 

$  Mortality 

PraseodymLun  nitrate  2  m0>*AgB»  Z.Ve 

nraseodjmdum  nitrate  2  mgm.Aeno  loV*  plus  $00  r 

20/20 

e  "  "  "  plus  Uoo  r 

21/2$ 

"  "  "  "  plus  300  r 

29AO 

"  won  plyg  200  r 

l$/20 

wan  piyj  loo  r 

l$/20 

7$o0 

"  «  «  ■  piu3  50  r 

3W 

7$«0 

Mortality  based  upon  30*'day  observation  period* 


No  mortalities  oocmred  among  the  irradiated  oontrols  at  the  varione 
dose  levels  while  praseodymium  alone  caused  mortalities  in  37o8sC  of  the  female 
rata*  Tho  camblned  effeota  of  the  two  toedo  agents  resulted  in  72»^  to  lOO^OSt 
■ortalityf  an  increase  of  to  63*2J(  over  those  receiving  only  praseedymluma 
It  is  interesting  to  note  that  72^$%  or  7$o%  of  the  rata  reoeivlng  $0  r  to 
300  r  with  praseodymium  suoovmdied*  ne  mortality  among  rats  rseelvlng  UOO  r 
was  SUeOSC  and  among  those  receiving  $00  r  it  was  I00*09(o 

Most  of  the  animals  died  during  tho  U8  to  72-hour  period  post-lnjeotlon 
with  only  an  oooaslonal  death  noted  after  96  hourse  Farther  studies  are  being 
Oonduoted  to  seo  If  a  correlation  oon  be  obtainod  by  varying  the  doee  of  prnseo- 
dymluBe 
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Influeaoe  of  intoavegous  praaeyjyinliBa  nitrate  on  blo«l  glueoge  of 
feuale  raise  ^cauae  oi  th«  apparent  deoroase  in  iioodoity  of  Intravenous 
praseodbnoSuB  vhan  10$  sucrose-aallns  was  administered  ad  libitum  and  b«^ 
cause  of  the  decrease  In  blood  ^uooae  in  feraale  rats  aSiec  ihie  adisinl- 
stratloD  of  praseodyaiun  (2)»  it  was  of  interest  to  oumparo  tiie  effects  of 
an  approodmate  lD$o  (2  ngrto/kgno)  and  LDioo  (U  iBgBoA'g«0  dose  of  praseo- 
dyadum  during  the  72»hour  critical  tine  peiriodo  In  this  oxpertment  serial 
blood  glneose  doternlnatlana  wore  nado  end  the  control  yalues  were  Obtained 
2lt  hours  prior  to  rare  earth  injeotiono  In  ?lc\xre  1  the  effeote  of  2  ngne/ 
kgmo  and  4  BgB*Agmo  of  praseodymium  on  blood  glucose  are  plotted  as  per 
cent  of  control  values «  Each  animal  served  as  its  own  control  and  eaoh 
point  on  the  curves  represents  the  average  plus  or  minus  the  standard  do* 
vlatlai  for  iproupa  each  containing  four  to  eight  animals c 

Throaghout  the  observation  ported  the  effect  of  each  dose  of  the 
natal  on  blood  glucose  decreased  proportionally  with  tlmej  The  effect  of 
U  nKM.  /kgav  of  praeeodytalum  is  approcciiaataly  twice  as  great  at  any  given 
tine  porlod-.  The  variation  in  the  alopo  of  the  plotted  curves  is  very  llke^ 
ly  a  result  of  the  recovery  of  some  of  the  animals  receiving  the  LDi^q  by  the 
time  that  the  72>hour  blood  glucose  value  vas  naasureda  Animals  receiving 
it  ngSoAKBc'  did  not  survive  tiie  72-hou:‘  test  period  and  most  of  them  died 
betueen  U8  aud  72  hours-.  Additlcnal  studios  are  being  conducted  to  further 
evaluate  this  effect  and  the  effect  of  conibined  whole  body  x-^lrradiatlon  on 
this  phencetegaa 

Effect  of  tas^ateroae  on  blood  glucoeo  of  f^le  rate  given  Intea- 
yenoua  lyaseodiAgi^P  nitrat^  In  a  pravinuD  study  (2)  testdster^  propionete 
ngBo/kgns}  ^  given  daTly  by  the  subcutanoous  route  for  a  period  of  20 
days  TTlor  to  the  Intravoncms  injection  of  praseodyzolua.,  Since  this  experl- 
nent  previdod  evidence  of  a  possible  rcvorcal  in  blood  glucose  oauaed  by  the 
dally  adninietration  of  testosterone^  it  true  of  interest  to  extend  the  period 
of  testosterone  adminlstratlcn  to  30  d-vo  before  the  administration  of  proseo^ 
dyndumo  As  shown  in  Tahiti  3  toatostcroue  mr'.codly  modified  cr  prevented  the 
decrease  in  blood  glucose  during  tho  2/t  to  72-hour  period  foUoidng  praseo- 
dyndUBo  The  only  significant  decrease  (13^'^  was  noted  In  one  animal  at  72 
hours j  None  of  the  animals  showed  any  outward  tcodo  signs  and  all  survived 
a  30-day  obeorvetiou  period.. 


1)1  ncufinion 


The  results  of  theoo  studios  spun;  to  ;-n<b.oat©  that  the  docreaso  in 
blood  glucose  oaxised  by  intravenously  udministernr!  nraseodyatium  is  proportloncJ. 
within  biolof;lc  variation  to  tho  doen  of  tho  metal  during  tl;e  ci*itloal  T>enod 
of  tine  after  administration j  Tho  meclnnlnm  of  action  of  nraseodyniun  has  not 
boen  oluoidated  hut  a  '■rolongeJ  doc^onua  in  blood  sugar  of  t’  '.s  magnitude  is 
In  Itself  suf^cient  to  nroduce  mortalltloB  loversal  by  tostosteroue  of  the 
effoct  of  nraseoefynium  on  blco«l  f'lucosa  and  .'iubssnuent  survival  of  the  animals 
Indio.atss  that  testosterone  is  involved  in  r.rnvontinr,  or  modifyinn  the  toxic 
actions  of  proBO<xlyTnii’m  nnd  the  observe!  decrease  In  blood  glucose ^  The  In- 
volveoont  of  tcetoateror.e  In  tho  to>:icity  of  praseodymium  could  account  for 
the  7  to  lO-fold  incroaced  auaceptibility  of  female  rats  to  tho  light  lanthanons 
36  compared  vdth  itiale  rats  (1*2).  In  ;  ue  connection  Snyder  ct  al■^  (lU)  have 
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Hours  Aftor  PraBoodymlum 


?igur«  1  Effoct  of  Intravenoua  prasao^ymlum  ultra t« 
on  the  blood  elueosa  cf  TeiMla  rala^  Each  point  rap’'aa«niB  tt« 
averafia  of  It  to  b  aninals  the  etandard  deviation., 
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TABLE  3 

EPTECT  OF  TESTOSTERONE  CK  THE  BLOOD  GLUCOSE  OP 
FEEIAIE  RATS  (HVEH  lUTRAVENOUS  ffiASSiODnUDM 
NITRATE* 


Blood  Glucose  {nga^/lOO  nle) 


Control 

Anlnals 

Praseodymium  Hstal 

2  ngmoAgn^  IiV, 

B 

2 

1  ^ 

D 

$ 

6 

CoDtrol  valuos 

105 

104 

101 

116 

104 

108 

2li  hours 

97 

92 

92 

92 

93 

94 

48  hours 

98 

92 

92 

92 

89 

97 

72  hours 

106 

109 

66 

i—— 

108 

1 

113 

100 

"Testosterone  propionate  vas  adalnlstered  dall^ 
for  30  Atyo  prtor  to  intravenous  praseod^BdUMo 


61 


found  that  a  glvon  doso  of  Intravenous  cerium  ohlorido  Increased  the  liver 
Upld  content  of  castrated  male  rats  but  did  not  affect  normal  male  ratse 

The  stimulatory  effect  of  Intravenously  administered  praseodyalimi 
as  the  ionised  salt  on  the  endogenous  respiration  of  spleen  siloes  oannot  be 
explained  on  the  basis  of  present  knoirledgeo  The  studies  by  Aeberhardt  et 
alo  (7)  Indicate  that  a  very  sisall  aaount  of  ionised  rare  oarth  Is  fixedTIn 
TIEis  sjAeen  and  although  possibly  ten  tinea  as  much  of  the  colloidal  oo^sonnd 
Is  deposited  in  the  spleen*  It  does  not  have  the  stimulatory  effeet  of  the 
lonis^  salto 


Siaanary 

lo  Intravenously  adEdnl8ta*ed  prasoodynlun  nitrate  (2  mga.^cgm.)  produced 
an  11  to  13%  Increase  In  the  endogenous  respiration  of  sj^en  sUoea 
from  female  rata  during  ths  2h  to  72»hour  period  post»injectlan  uhlle 
£>00  r  of  whole  body  x^lrradlatlon  alone  and  in  eonblnatlon  with  praseo- 
dymlun  resulted  In  a  12  to  13^  reduction  in  QO2  valueoo 

2a  A  3l|^  to  63jS  Increase  in  the  toodoity  of  Intravenously  administered 
praseodymldm  nitrate  (2  ngmoAgn..)  was  observed  idion  given  10  to  1$ 
minutes  prior  to  doses  of  whole  body  x-lrradlatlon  ranging  from  $0  r  to 
500  ra 

3o  The  Intravenous  administration  of  2  mgmaAga>  <s*  k  ms>ieA0*<>  o{  praseo" 
dytdum  as  the  nitrate  salt  resnltad  In  a  proportional  daoraaae  idth  re* 
spect  to  tins  in  the  blood  glucose  of  famala  rats  during  the  12  to  72- 
hoor  period  following  administration «  At  any  given  time  during  this 
period*  the  per  cent  deorease  in  blood  glucose  from  control  values  was 
approxlnately  twice  as  great  in  rats  reoeivlng  U  mgm>AB»<>  praseo- 
dymluma 

lie  Tbs  subcutsneauB  administration  of  $  ngmoAga*  of  testosterone  propionate 
for  30  diQTS  prior  to  the  intravenous  inieotlon  of  2  m^iaAsna  praaeo* 
djmlum  prevented  or  modlflod  the  reeultant  deorease  in  blood  ^uoose 
normally  seen  after  the  administration  of  this  ocnpouado 
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TUB  INn;(ISNCB  CP  EXPOSURE  TO  LOT  LEVELS  CF  OAMMA  iUID  FAST 
HEUmON  IRRADIATION  Oil  THE  UFB  SPAN  OF  MICE 


IY»  Hlatologleal  Flndiys  la  tl»  HLo^  Vessole  of  Rata  and  Mice 
E»Poae<i  to  Aettte  anci  Cnronle  jC»lrradlation  V?hlla  Fed  Varloua 
flynthetle  itlgh  Fat  t)iete 

Da  Vaasellnovltoh*  Ha  W.  WlBsleTf  Jo  Moskauskas 
and  Jo  DouU 


TMji  report  oopcarnat  A  oonpariaon  of  the  effoots  of  acute  x-rajr 
expoaure  ai  doa^e  levels  df  UOO  r  through  600  r  with  those  of  chronic  x-^ragr 
exDoaure  at  doee  rates  of  either  20  r  or  hO  r  ptr  day  (five  days  per  week 
far  12  weeks)  on  the  miox’oaooplo  appearance  of  the  blo^  veaaels  of  nice  and 
rats  and  the  influence  of  vario'js  dietary  reginea  on  these  radiation-induced 
changes. 


Leaadiate  or  ultimate  yplioation  of  the  reaultst  These  stxidies 
repreaent  part  of  a  progriui  w)don  was  initiated  in'  effort  to  obtain  infor- 
aatioo  on  the  nature  and  causes  of  acute  and  ohronie  radiation  injury  in  the 
cardlovaacttlar  syatan  and  the  role  of  this  type  of  injury  in  the  dsvelopawnt 
of  other  types  of  radiation  injury. 

In  previous  reports  (1-3)  wo  have  presented  information  concerning 
the  food  oonsunpklon,  waight  changes*  aurvival  time  data*  aenim  lipid  values 
and  ths  gross  pathologic  findings  in  the  tissues  of  mice  and  rats  exposed 
to  acute  or  chronic  x-irradlation  idille  receivicg  various  atherogenic  and 
synthetic  high  fat  diets.  The  proscmt  report  contains  the  histological 
findings  in  the  tissues  nf  these  animals  with  particular  attention  being 
given  to  the  radiation-induced  effoots  in  the  blood  vessels. 

Althoui^  the  inj'nrlous  effects  of  radiation  exposure  on  the  cardio¬ 
vascular  system  have  been  described  by  a  nunber  of  investigators  (li-17)* 
others  (18-20)  have  fallc'd  to  obaez^Ts  aucdi  changes  in  specific  pa:^  of  the 
oardloraacular  system,  iidditional  information  ia  needed  oonesrnlng  the  oosi- 
paratlve  effeota  of  radiation  axposure  on  the  different  parts  of  the  cardie^ 
vasctdar  aystem  and  on  tlie  nathogonesls  of  the  injury.  There  also  appears 
to  be  little  information  available  on  the  effects  of  fraotionatlcn  of  the 
radlatloa  expoarure  or  thla  typo  of  radiation  injury:.  In  the  present  studies 
an  attempt  has  been  made  to  obtain  this  kind  of  infanoation  by  syatematioally 
exaadning  ths  blood  vessels  of  most  of  the  major  organs*  as  well  as  the  aorta 
and  other  parts  of  tha  onrdiovaaoular  aystsow  Furthomoro*  by  ocnparing  the 
ohangos  in  anlauls  exposed  to  acute  or  ohronio  radiation  it  was  hoped  that 
aoma  Indlcatioa  of  the  pathogenoais  of  these  lesions  sight  be  obtained.  In 
an  effort  to  enhance  the  radiation-induced  ohangea  in  the  oardlovasoular  ajw- 
tem*  parallel  studies  have  been  carried  out  in  anlmala  fed  a  control  diet 
and  in  groups  of  rata  and  mloe  fed  dieto  which  have  been  shown  previously  to 
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proAioe  atlwrowitous  blood  vossel  Injury.  The  ability  of  dlotary  factors 
to  faoiUtata  tba  dofalopaant  of  atheroaoleroals  baa  been  damoDstratad, 
but  In  addition  to  dlatazy  faetora*  injury  oan  play  an  iiiq)art«it  rola  in 
tha  eeneala  of  atharosolaroala  by  producing  an  inoreaaad  pameablUty  of 
tha  arterial  wall  or  thideaning  of  the  Intlaa  (21).  Althou^  radiation 
axpoaure  night  be  axpaetad  to  anhanoa  tha  blood  vaaael  injury  resulting 
from  the  dietary  faotoray  it  la  alao  poaalbla  that  under  oartaln  exparl* 
mental  oonditiona  laaa  injury  night  be  seen  hLstologioally  ainoo  high-fat 
diets  and  partloUlarly  aubstanoaa  auoh  as  methyl  lineolatoy  ethyl  Uneolate* 
oottonseed  oil  and  other  fats  have  been  found  to  increase  radiorealstanoe 
(22-26). 


Materia^  and  tethoda.  Malo  Sprague  Dawley  rate  between  7  and  12 
weeks  of  age  and  male  darvorth  Farms  CF^^nloe  about  10  weeks  of  age  were 
used  for  these  studies.  The  experimental  design  and  the  number  of  aniwls 
in  each  of  the  dietary  and  x-ray  groupn  were  deaoribed  in  a  prevloua  progress 
report)  Tha  nathods  used  for  feeding  and  irradiating  each  of  these  groups 
and  tha  eonpoeition  and  preparation  of  the  diets  has  been  described  in  prs- 
Tioua  reports  (l«2)e 

At  the  end  of  the  12'^week  eKpsi:*ln»ntal  n^xdod,  all  of  tho  surviving 
animals  were  anesthetized  with  ether  and  bled  to  death  by  cardiac  puncture) 
Animals  which  dlad  during  the  12-week  oxperlnontal  period  ware  autopsied  and 
tha  tiesuee  prepared  for  subsequent  Idstologioal  examination  except  in  a  few 
oases  where  autolysls  made  this  impa'aotical.  The  following  tlssuae  were 
routinely  taken  for  the  histologic  «lL  exardnatlont  liver ^  ld.dneyf  spleen ^ 
thymusf  heart*  lunge*  tostii!*  a^ennl  g3and*  lynph  nodes*  pancreas*  stemm 
kuu  the  aorta  (as  much  aa  vsa  pcsciblr  to  ''btelMj.  Tho  tiss’ies  were  fixed  in 
neutral  buffered  fcmalin*  Inibedded  wi<;h  paraffin  (except  for  the  monse  heart;, 
whloh  were  Imbedded  in  oarbowax)  and  stained  xdth  hematocylln  and  eosin.  Trans¬ 
verse  and  frontal  fTosen  sections  of  the  heart  uere  fitainad  with  Oil  Red  0  for 
fat  and  frozen  aaotions  of  the  aorta  (asoending*  ttioraoie  and  abdominal)  of 
rata  and  of  the  kidney  and  liver  of  both  rats  and  mice  were  similarly  stained 
with  Oil  Red  0.  During  thsee  atudies  a  special  effort  was  made  to  sample  the 
aorta  In  as  unifora  a  manner  aa  possible.  Tho  swaplos  ware  taken  from  tha 
middlo  of  the  thoraclo  aorta  and  between  the  bifuroatlon  of  the  iUee  and 
renal  arteries  in  ths  abdominal  aartac  In  each  case  the  sample  from  nearest 
the  aortic  origin  was  used  for  the  fat  stain  wldlo  tho  more  caudal  samples 
were  stained  with  henatoocylln  and  oosin.  Sections  of  all  of  the  aortas  and 
most  of  the  hearts  were  also  stained  with  Oomari^s  triehrona  aldehyde  fuohoin 
for  elastic  tissue*  collagen  and  smooth  muscle :  The  Piero-Mallory  7  staining 
method  was  used  for  fibrin  and  Aliz.urln  Hod  S  was  used  for  calcium  in  ad¬ 
ditional  sections  of  the  aorta,  A  few  sections  were  also  stained  with  msthylene 
blue  for  bacteria  or  with  the  Oridlcsy  fungus  stain.  Some  sections  of  ths  aorta 
were  decaloiflcd  with  fOradc  acid  and  etained  for  fat  to  detect  fatty  lesions 
under  ealaivn  deposits. 


Results 

In  an  effort  to  bring  out  the  mein  hd.stologlcal  findings  of  the 
pres^mt  studies*  the  results  have  been  tabulated  eooording  to  the  looaticn 
of  the  blood  vessels  in  temm  of  tho  froqxunicy  and  set'ority  of  the  lesions. 
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Tlw  r««ttltt  flibtalnad  in  the  two  spoole*  are  oonaidered  eeparatelj  and  the 
Tveeent  report  le  ooDfined  mainly  to  the  dhaiigea  whloh  wore  noted  In  the 
oardlovaaottler  ajvtm  although  moat  of  the  other  tiesues  were  examined 
nieroieepdLeaUy. 

Aorta.  The  effeet  of  the  dlete  and  radiation  alone  and  in  eanM.>» 
nation  oh  ilia  aorta  of  the  rate  and  adoe  la  ahown  In  Tables  1  and  2,  In 
the  rate  audanophUla  of  the  acrtlo  Intlma  was  seen  In  the  anlnala  fed  the 
FlUioe  mad  Wiliprai  diets  and  this  effeet  was  not  appreciably  altered  hy  the 
radiation  exposure*  The  x-iiradiationf  howaTer«  appeared  to  Ineroaae  the 
aoortie  intlaal  thiekeolng  seen  in  the  rata  fed  the  Thomae  dieto  There  wae  a 
ellghtly  Inoreeeed  thronbie  tendenoy  in  the  x-riyed  groupe.  The  atheregejla 
dlete  reeulted  in  degeaaretlen*  atrophy  in  Mooth  auaele  oellOf  fltaroeia  md 
mild  infrequent  eeloliioetion  in  the  n^a  of  the  aorta  of  the  rata.  There 
waa  inoraaaed  degeneration  of  the  media  in  the  x-rayed  animela  fed  the  Wll- 
graai  and  FllUoe  dieta.  Chronlo  and  aouta  inflannatory  oelle  wero  observed 
in  the  adventitie  and  the  pariadventlal  fatty  tlasuos  of  the  ecrta  of  the 
rate  fed  the  Thomae  and  Villgram  dlete.  These  wore  observed  only  In  the  UO  r 
per  d^r  group  of  rata  fed  tha  Ullgram  diet.  Chronlo  XH>ray  exposure  alone 
eansad  fragmeatation  of  the  ootemost  elaatio  lanallae  and  f ooal  atrophy  of 
Mooth  mnsole  oalla.  In  the  mioo»  :o>ray  eocposure  alone  led  to  an  Inereasad 
tendenoy  to  foeal  ewelUng  and  thiokenlng  of  the  Intime.  The  combination 
of  the  Uilgrw  diet  and  UO  r  per  day  prodUDed  leas  intlaal  audanophUla  than 
tha  diet  alone.  SudanophiUa  of  the  sortie  intlma,  intlmal  thickening  end 
thronboale  of  the  aorta  waa  obaerved  In  the  mloe  fed  the  Mlipran  diet  but 
not  in  the  anlmala  whioh  reoeived  any  of  the  other  atharogenle  or  high-fat 
diets.  All  of  tha  diets  oaused  degeneration  and  hyallnisation  of  the  sortie 
medie*  The  ados  fed  the  Thames  diet  exhibited  neorosie  and  ealoifieation  of 
tha  madia  hnt  tUs  was  more  marked  in  the  animele  fed  the  Hilgren  dlet« 

Lipid  depositian  in  the  snooth  mueole  cells  similar  to  that  obaerved  in  the 
aerte  of  the  rats  was  also  aaen  in  the  adoe.  The  aorta  of  the  mioe  fed  the 
UUgram  diet  wae  severely  oaloified  so  that  no  estlution  of  the  degree  of 
audanophilia  in  the  amooth  muaele  cells  was  possible  although  fat  staining 
of  an  oeoasional  unselaoted,  dooaloifled  aorta  ahowed  that  lipid  dspoaitioa 
waa  presant.  A  awMonuolaar  infiltration  of  the  adventitie  was  seen  in  aloe 
given  90  v  per  day  oonourrently  with  the  Milgrai  diet.  The  fatty  degeneration 
and  atro{Ay  of  tha  smooth  muaole  onlls  was  aeevtpmiied  by  a  swelling,  breaking 
of  the  slastio  IwwUae  end  e  loss  of  the  regular  eontows  of  the  aortic  aedia» 
Tha  efaronio  xxay  exposure  caused  degeneration  and  disappoaranoo  of  snooth 
nuBole  cells  and  hyallnisation  of  the  media  in  the  animals  fed  the  Rockland 
Hottae  Diet  wd  the  Nursing  Purina  Ohow*  Tha  chronic  x-r^r  Baq>oeure  deoreaaed 
tha  inoidsnoe  of  oaloifleatloo  in  the  nsdle  of  tho  nice  fed  the  Wilgram  diet^ 
There  was  inoreaaed  tyalinlsation  of  the  madia  in  the  mloe  fed  the  FllUos 
diet  and  exposed  to  either  20  r  or  UO  r  of  m-irradiation  daily. 

The  effeet  of  the  aouto  x!-ray  cxpoeure  on  the  nloroscopio  findings  in 
the  aorta  of  mioe  fed  the  various  atberogenio  and  hi(dt*fat  diets  is  shown  in 
Table  3.  The  aoute  x-rfly  exposures  alone  did  not  lead  to  deteotabla  morpho- 
legioal  ehanges  in  the  intime  of  tho  aartc.  Furthermore,  no  changes  were  de¬ 
tected  in  the  Intina  of  the  aorta  of  the  mioe  fed  the  various  atherogenic 
(Hate  exeept  for  the  group  fed  the  WLlgram  diet  and  exposed  to  the  various 
doaes  of  aouto  radiation  where  there  was  audanophilia  of  the  aortic  Intlma 
with  focal  thiokenlng  of  the  endothellumc  In  the  media  of  the  aorta  of  the 
adoe  fed  the  VHlrram  diet  and  exnoaed  to  either  ItOO  r  or  r,  there  'iias 
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deceoeratloD  and  dlsappoaranoo  of  the  cmooth  muscle  cells.  These  effects 
also  were  aoen  in  the  mice  fed  the  WLssler  diet  and  exposed  to  k$0  r  and  in 
the  oontrol  fod  grotq)  eoeposed  to  $$0  r.  The  nice,  idd.oh  were  exposed  to 
UOO  r  of  x*irradlation  and  subsequently  fed  the  Villerara  diet,  exhibited  de¬ 
generation  of  the  elastic  lamellae  which  was  characterised  by  thickening 
and  wribkling  and  loss  of  the  usual  parallelism  and  these  effects  were  also 
noted  in  the  nioe  fed  the  Nursing  Purina  Chow  atxl  the  oontrol  diet  following 
^  aAidnistratian  of  UOO  r  and  h$0  r  of  x-ray. 

Coronary  a:^rtw.  The  najor  histological  findings  in  the  coronary 
arteries  oil  ihe  rats  ^ed'  the  ▼arious  diets  while  receiving  the  chronic  X'^iy 
exposure  are  shown  in  Table  U«  In  the  non-lrradiated  animals  intlmal  lipid 
deposition  was  seen  in  the  sections  from  the  rats  fed  the  Wilgram,  Thomas  and 
PiUlos  diets  but  not  in  those  from  the  rats  fed  the  Wlssler  and  oontrol  dietso 
The  ehronio  radiation  sxpoaure  aims  did  not  load  to  detectable  morphological 
changes  in  the  intima  of  the  coronary  cirteriea  and  there  ware  also  no  changes 
in  the  sections  from  the  rata  fed  the  two  high-fat  diets  (Wlssler  and  Nuridng 
P*iriaa  Chow).  The  conddnatlon  of  ehronio  radiation  exposure  and  any  of  the 
three  atherogenic  diets,  however,  resulted  in  a  decrease  in  intlmal  sudato- 
philia  although  there  was  focal  swelling  and  thickening  of  the  intima.  The 
rats  fed  the  PlUios  diet  exhibited  lipid  deposition  in  the  anooth  muscle 
cells  of  the  media  but  this  was  not  seen  in  any  of  the  rats  fed  the  diets  in 
ocnblnatlon  with  the  chronie  radiatioa  exposure.  In  Table  $  the  major  find¬ 
ings  in  the  coronary  arteries  of  the  ohronioally  irradiated  mioo  are  Btmaap- 
rlaed.  linid  depoelticn  was  seen  in  the  intima  of  the  coronary  arteries  of 
the  ndco  fed  the  Wllgran  diet  and  the  high-fat  and  oontrol  diets.  Z-lrradi» 
ation  increased  this  effect  in  the  high-fat  and  oontrol  diets  but  deoroased 
the  effect  in  the  mice  fod  the  Wilgram  diet.  Thronibosis  of  the  coronary 
arteries  vras  rare  in  the  ndee  fod  the  high-fat  diet  and  the  coedilnatian  of 
this  diet  with  otaronie  x-ray  exposure  increased  the  incidence  of  thronbesis. 
Lipid  deposition  in  the  smooth  nnsole  of  the  media  was  seen  only  in  the  mice 
fed  the  \Algram  diet.  There  was  calcification  of  the  media  in  several  of  the 
animals  fod  the  'tOLssler  diet,  and  x-irradiation  (hO  r/day)  resulted  in  similar 
effects  in  the  mice  fed  the  Purina  Nursing  diet,  the  control  diet  and  the  Wil- 
groB  diet.  The  effects  of  acute  x-ray  exposure  alone  and  in  oredilnatlcn  with 
the  atherogonio  and  high-fat  diets  ia  shown  in  Table  6->  The  codiinatlon  of 
either  UOO  r  or  U$0  r  of  x-lrradlation  with  the  atherogonio  diets  produced 
sodanophilla  of  the  intima  and  media  as  well  as  degeneration,  necrosis  and 
calcification  of  the  intima  and  part  of  the  nedia.  Single  doses  of  x-ray  did 
not  oause  detectable  changes  in  the  carenary  arteries  of  the  mice  fod  the 
control  diet. 

Ran^  arteries c  Table  7  shows  the  major  histological  findings  in  the 
renal  arlcrles  of  ihe  rata  wliloh  were  fed  the  various  diets  while  x^ceivlng 
daily  x-ray  exposures  of  20  r  or  i»0  r^  In  the  larger  renal  arteries  of  the 
rata  fed  the  Thonue  diet,  lipid  deposition  and  calcification  were  seen  in  the 
intima.  A  few  rats  fed  the  Wil'^'ram  diet  and  exposed  to  o)u*onie  radiation  ex¬ 
hibited  focal  intlmal  thickening  and  thrombosis.  Cl^ronic  radiation  exposure 
did  not  appear  to  enhance  the  changes  in  the  rats  fed  the  Thomas  diet  although 
some  caloiilcation  of  the  renal  arte  ics  was  observed  in  these  animals o  The 
Infcrraatlon  in  Table  R  shows  that  there  was  lipid  deposition  in  the  intima 
and  media  of  the  renal  arteries  of  the  nice  fed  the  Wilgram  diet  whereas  these 
effects  were  not  present  in  the  mice  fod  the  control  diets.  There  was  less 
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FREQUENCr  AND  SE7ERITT  OF  MAJOR  HI8TOPATHOLOQICAL  FINDHOS 
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Kbjar  BLatopathdlegloal 
fladiaca 

mat 

UOO  r 

U50  r 

__  i 

500  r 

550  r 

600  r 

Lipid  depoaltioB  in 
tte  IntlM  and  madia 

Thomaa 

Wllgram 

FlUlea 

Wlaalar 

UoralBg  Purina  Chow 
Avlaa  Chow 

2/h  a,a 

0/2 

0/6 

0/6 

0/2 

u 

0/5 

0/6 

0/5 

0/5 

noraslKMlB 

Thomaa 

UUgrarn 

muoa 

Wlaalar 

JIuraing  Purina  Chew 
Purina  Chow 

O/h 

0/2 

Ml* 

^6 

0/2 

m 

c/5 

0/6 

C/5 

0/5 

Dacenaratiaa  and  oalol- 
fioatioo  of  ttw  Intlma 
and  media 

Thomaa 

WUgram 

Fillioa 

Wlaalcr 

Huraiag  Purina  Chow 
Rirlna  Chow 

lA  a 

0/2 

T 

3/2  a 

8- 

0/5 

0/6 

0/5 

0/5 

•  •  alldf  b  *  Modaratey  o  ••  urfcadf  d  •  ywy  wirkad-> 


78 


TA£I£  7 


FREQUENCY  AND  SEVERITY  OF  HAJOR  HISTOPATHOLOOICAL  FINDINGS 
IN  THE  REMAL  ARTERIES  OF  THE  RAT 


Major  Histopathologleal 
Findings 

. 

Diet 

0  r 

I"" 

20  r/Dsy 

1)0  r/Daj 

Lipid  deposition  in  and 
on  the  Intina 

Thonas 

Wllgrom 

Fllllos 

Wlssler 
Rockland  Chow 

1/8  a 
0/9 

0/6 

2/y  a,a 
0/9 

oA 

sk 

■ 

Swelling  and  focal 
proliferation  of  the 
ex\dothelial  eella 

Thomas 

Wilgran 

Fllllos 

Wlssler 
Rockland  Chow 

i 

■ 

I 

Caloificatlon 

Thomas 

, - - , 

0/6 

1/7  a 

0/6 

Thrombosis 

Thonas 

Wilgran 

Fllllos 

0/8 

0/9 

0/6 

0/7 

1/9  a 

0/7 

0/6 

1/9  • 

0/8 

•  •  MUdo 


80 


oaloifleatloo  In  the  mloe  fed  the  Wllgran  diet  and  axpoaed  to  the  dallj 
3C*lrradiation  hut  the  x-ragr  expoeure  Inereaaed  the  dagenoration  and  oalol* 
floatloa  in  the  Intlaa  and  aedla  of  the  renal  arteariea  of  the  aloe  ltd  the 
WLealer  diet*  Single  aevte  x-rsQr  aoepoeure  foUoired  the  feeding  of  the 
various  diets  produoed  the  effeots  smorlaed  in  Table  9*  Although  the 
3D>riQr  escposnre  alone  did  not  prodnoe  deteotahle  aorphologioal  ohanges  In 
the  renal  arteries  of  ths  eontrol  groups,  than  nas  lipid  deposition  la 
the  Intlas  and  thickening  of  the  latlnal  wall  In  the  nlee  fed  the  WUgraa 
diet  foUowlag  an  expoeure  of  UOO  r* 

artarino  The  results  of  the  niorosoople  obserratiena  on 
the  pnlBonvy  arxaiies  o^  the  ohronloally  Irradiated  rats  are  shoiai  in 
Table  10*  /Q1  of  the  atharogenio  diets  produced  degeneration  nad  oaleUl- 
oatlon  of  the  intlu  and  nedia  of  the  pfuleonary  arteries  and  these  effeots 
anneared  to  be  deoroased  In  general  by  tbs  ohronlo  xi^ay  exposuresc  Con¬ 
versely  ths  ooaMLnatlon  of  the  ohronlo  radiation  exposure  and  the  feeding  of 
the  atherogenle  diets  appeared  to  enhance  the  ohanneB  seen  in  the  nlee  es 
shown  in  ^le  8,  Although  there  was  Hold  deposition^  oaloifloation  of 
the  Intlas  end  nedia,  and  thronbosls  of  the  pulaonary  arteries  la  ths  ales 
fed  the  Thonaa  end  Wllgraa  diets,  these  effeots  (throaibosiB,  lipid  deposition) 
were  slightly  aore  aarked  In  the  aloe  exposed  to  either  of  the  dosage  levela 
of  ohronlo  x-ray  expoaursa  The  aejor  findings  seen  in  the  piulaonary  srterlea 
of  the  aotttdly  Irradiated  aloe  are  shown  In  Table  11»  There  wee  degeneration 
and  oaloifloation  of  the  Intlas  and  aedla  of  the  aloe  fed  the  Thonaa  rad  VU- 
gran  diet  after  x-ray  doses  of  UoO  r  and  also  in  the  alee  fed  the  Purine 
Sursing  Chow  after  higher  radiatioD  doees*  Flequs  fornation  waa  seen  in  the 

Klnonsry  arteries  of  cne  anlnal  fed  the  VUlgrem  diet  f bllowing  exposure  to 
0  r  of  xi-ray  and  thare  wee  thlokenlng  and  hyellnlutlon  of  the  srterlea  of 
the  alee  fed  the  Thoaes  diet  after  aoute  radiation  exposure  and  Also  In  the 
mice  fed  the  Nursing  Purine  Chow  dLeto 

Tsstlouler  erterlra»  It  can  be  seen  in  Table  10  that  the  diets 
alone  did  not  cause  aorphologleal  changes  In  the  testieular  arteries  of  the 
rate  whereas  the  ohronlo  x-ray  exposure  (UO  r/daj)  poradnoed  neerosls  and  ealol- 
floatloa  of  the  intlaa  end  nedie  of  these  artWles  in  e  few  enlaele  fed  the 
oontrol  diet*  Thare  was  thronbosls  in  the  testloular  arteries  of  tbs  rats 
fed  the  FlUios  diet  and  exposed  to  tjO  r/day*  In  nice  aoute  XHngr  exposure 
In  OfloAdnetion  with  the  diet  resulted  In  degeneration  and  oalcdfl- 

oetloo  of  the  Intlaa  and  nedia  of  the  testloular  artorlea  (Table  12)*  There 
waa  also  sons  eeloifleatlon  in  tho  testieular  arteries  of  the  aloe  fed  the 
eontrol  diet  after  an  x-ray  exposure  of  $$0  r» 

Herat*  The  najor  hdnt^ogloal  findings  In  the  hearts  of  ths  rats  ex¬ 
posed  to  ohronlo  x-lrradiation  and  fed  the  various  diets  is  shown  in  Table  13* 
There  use  a  nononuolera  Inflanraatlon  of  the  syooardiun  in  a  few  of  the  rets 
fed  the  FilUee  diet  and  the  rets  on  this  diet,  as  well  as  those  on  the  Thoauui 
diet,  had  hyperoellularlty  of  the  valves*  Poan  cells  were  seen  in  the  tri- 
ouspld  valvos  of  the  rats  fed  tho  Thonas  diet  and  lipid  deposition  was  seen 
in  the  intorstltlal  mssenehymal  oells  of  the  aninals  fed  tte  Vdlgran  diet* 

\fhen  the  Wllgran  fed  rats  waore  also  exposed  to  the  ohronlo  x-ray,  these  ef- 
faete  were  not  evident  and  there  nas  also  no  horporeellularlty  of  the  atrlih* 
ventrleular  valves*  However,  the  ehronio  Irradiation  exposure  sesaad  to  pro¬ 
duce  a  patohy  nooroslB  and  fibrosis  of  the  myooradiusi  In  the  rats  fed  the 
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TABUS  U 
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TABLE  13 

FREQUENCr  AND  SEVERITY  OF  MAJOR  HISTOPATHOLOQICAL  FINDINGS 
IN  THE  HEART  OP  THE  RAT 
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tfilex'am  and  ThOHaa  dietst  lha  offeots  of  the  ofaroolo  x-^v  eaqsoeure  and 
(Hat  feodtag  on  tha  haarta  of  the  aloa  va  ahoun  la  Table  lit*  There  van 
alao  lipid  dapoattlon  la  tha  heart  and  mononuolaar  Inflamoation  of  the 
ngroaardiuBi  ia  tha  aloe  fad  tha  Wllgrm  diet*  ill  of  the  atborogeolo  dlata 
oauaad  oaloified  Infarotoid  laalona  in  tha  heart  ahlob  were  oharaoteriaad 
by  neoroaia  of  alngla  auaela  flbara  or  hgr  groupa  of  adjoining  bandlaa*  The 
affeoted  arena  la  aoat  Inataaoea  beeaaM  baaophilio  and  aahlbltad  oalolfl* 
oation*  Calcified  ooronary  arterlaa  uara  Obaervad  Inflrequeotly*  There  xiaa 
a  noral  throaboala  la  tha  right  atriun  of  aareral  of  the  aloe  fed  the  Thonaa 
diet*  In  tha  adoa  vbleh  reoalved  the  ohronie  x-ray  expoaure  la  conblnatlan 
with  tlM  eootrbl  dlat  there  aaa  an  inoreaaad  patofay  neoroaia  with  oalolfi- 
oation  of  the  ayooardlvDB  and  theae  aninala  alao  had  a  nononnolear  infil¬ 
tration  of  tha  ayoeardlun*  Idpid  depoaltlon  waa  preaent  in  the  neaenchymal 
oella  of  the  ^yoeardlva  in  tha  adoa  fad  the  Wlgram  diet  in  oomblnatlon  with 
tho  radiation  expoaure^  bat  the  effeota  were  lean  marked  than  in  aniinala  aoc- 
poeed  to  the  diet  alone^  Theae  aoimala  did  hanre  Inereaaed  mral  throaaboaiaf 
infarotoid  lealona  In  the  iqroeardiuB  and  oooaaional  hypcnroeUOlarity  of  the 
trlouapld  Talvea*  In  Table  1$  ia  ahown  the  flndlnga  aean  in  the  hearts  of 
the  mioe  expoaad  to  acute  x-irradiation  and  aObaextueatly  fed  the  various 
dieta.  Tha  xnray  axposurea  alone  (control  dieta)  produced  monomiolear  In¬ 
filtration  of  the  myocardium  and  calcified  infarotoid  lesions*  Conblnation 
of  tha  acuta  x-ray  exposure  with  sxdbaequent  feeding  of  tha  atherogenic  diets 
alao  rosulted  in  lesloas  of  thla  type  and  mural  thrombi  were  poraaent  in  the 
sections  from  tha  mloe  fed  the  Vdlgram  diet  after  the  various  x-ray  eatpoaures^ 
Throndil  were  also  seen  In  sotaa  of  the  animals  fed  the  control  dlet^  bat  the 
inoidonee  was  lower*  Ckie  of  the  animals  fed  the  ocntrol  diet  after  receiving 
$50  V  exhibited  hyperoellularity  of  the  tricuspid  valve ^ 


DLsoueslon 


Tha  present  report  ooncomB  the  cardiovascular  effects  of  souto  and 
olnronlo  x-ray  expoewe  and  the  influence  of  vexd.0U8  atherogenic  and  high-fat 
diets  on  thoso  effects  in  rats  and  mioe*  Those  studies  dmmoastrate  that 
dietary  factors  oon  alter  the  histological  effeota  of  both  aoute  and  chronic 
rodiation  injury  to  blood  vessels  nd  conversely  that  radiation  expoeure 
(partioularly  ohronio  radiation  exposure)  oan  alter  the  athsrogenlo  effects 
of  certain  diets  in  both  rats  and  mica*  Thoso  findings  support  ond  extend 
the  results  of  tbo  gross  pathological  rbservatlons  and  the  serum  lipid  de¬ 
terminations  on  these  animals  that  werti  reported  previously  (3)* 

The  diets  used  tor  these  studies  were  selected  to  reporeaent  three 
atherogenio  diets  (Thomas -and  Hartroft^  bilgram  and  Pillios  diets V  two  hii^-- 
fat  diets  (WisBlar  and  Purina  Nursing  Chow),,  and  a  control  diet  vRookland 
Laboratory  Chow).  Each  of  the  three  atherogenio  diets  have  been  reported 
(27-29)  to  produce  arteriosclerotic  changes  in  rats  whereas  such  ehuiges 
would  not  be  anticipated  from  any  of  the  other  three  diets.  Since  none  of 
the  atherogenic  diets  have  been  previously  used  to  produce  such  changes  in 
aioey  it  was  necessary  to  determine  whether  any  of  these  diets  would  be 
sultablo  for  use  In  mice  and  whether  tlie  type  of  lesions  produced  by  these 
diets  in  mioe  resembled  those  prodooed  In  rats*  It  is  apparent  from  the 
present  study  that  the  Wllgram  diet  is  most  suitable  for  this  purpose  since 
the  animals  fed  the  Thomas  and  FllUos  diets  exhibited  severe  weight  loss 
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TABZ£  lU 


FSEQUENCI  AND  S&VliltITY  0?  THB  IIAJOR  mSTOPATHO’.OOICAL  PDIDINOS 
Cl  THE  HEAHT  CP  1-iICE 


Hajor  HLstopathologioal 
Findings 

Diet 

0.  r 

20  r/Dsgr 

UO  rAv 

lipid  deposition  In 
mesenofayiial  eblls  of 
the  npoeardlua 

Thomas 

Wilgraa 

Finioa 

Wlssler 

Nursing  Purina 
Choir 

Purina  Chow 

0/5 

k/6  a,a,a,b 

Oft 

OA 

of! 

Oh 

2/6  a, a 

0/5 

m  « 

0/6 

0/8 

0/2 

cA 

oA 

0/6 

0/8 

1 

Patehgr  neorosls  and 
eaJolHeatlan  of  the 
^rooardLum 

Thomas 

Uilgran 

FiUlos 

Wlsslor 

Nursing  Purina 
Chmr 

Purina  Chow 

2/5  s,b 

1/6  a 

2A 

oA 
j  oft 

1/3  a 

1/6  a 

3/5  a,asa 
1/5  a 

0/6 

c/8 

1 

1/6  b 

1/8  a 

Infarction  of  tho 
agrooardlUB 

Thomas 

WUgrm 

FLlUos 

Wlssler 

Nursing  Purina 
Chow 

Piudna  Chow 

\  0/5 

0/6 

oA 

0/k 

oA 

oft 

0/3 

0/6 

0/k 

0/6 

0/6 

0/8 

0/2 

1/5  • 
oA 

OA 

0/6 

0/8 

1 

1 

Ilural  thrombosis 

Thomas 

Uilgrsm 

Fillios 

Wlssler 

Nursing  Farina 
Chow 

Purina  Chow 

lA  « 

0/6 

oA 

oA 

oft 

0/6 

0/8 

0/2 

(A 

m 

c/6 

c/8 

Pooal  infiltration 
idth  moQonnolear 
oells 

Thomas 

Wilgraa 

Pllllos 

Wlssler 

Nursing  Purina 
Chow 

Purina  Chow 

0/5 

?/6  a,a 

0/5 

oA 

0/U 

oft 

0/3 

0/6 

0/5 

0/6 

1/6  a 

1/8  a 

0/2 

oA 
lA  a 

0/6 

0/8 

- 1 - 1 

NjrporeelltQar  ralTe  jULlgran 

0/6 

0/6 

1/5  a 

a  ■  adldj  b  ■  moderate,  e  ■  markedy  d  •  very  narked 
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TAMB  15 


FRBQOENCT  AHD  SCVICIllTT  OF  TBE  lUJOR  (OSTOPATUOLOaiCAL  FIHDINaS 
n  TIB  lEART  CP  MZOB 


Major  HLatopathdIogioaX 
flndiiiga 

Diet 

liOO  r 

1j50  r 

5oor 

1 

550  r 

600  r 

Lipid  depoeitlon  la 
meaoBobgriMl  eella  of 
the  Bqroeas^Uua 

Thowaa 

WLlgrm 

fllUoe 

Wleelar 

Itoralag  Purina 
Choir 

Purina  Chou 

lA  • 

0/2 

0/6 

O/T 

cA 

m  a,a,a 

m 

0/6 

0/5 

Q/f> 

0/5 

0/5 

Patohy  neorotle  oalel- 
flad  JaaiODa  In  the 
ayooardLua 

Thomaa 

Vllgraa 

FlUloe 

WLealar 

Muralng  Purina 
Chow 

Purina  CKuu 

lA  • 

0/2 

liAb 

i  0/7 

1 

2A  a*a 

3/3  d 

i 

3/6  a 
3/6  a 

3^: 

Mural  tiroalboala 

Thomaa 

Vllgram 

FLUloa 

Ulaaler 
tturalng  Purina 
Chow 

Purina  Chow 

lA  a 
i  0/2 

lA  e 
oA 

oA 

3/3  ejapa 

m 

0/3 

lA  a 

Q/5 

0/6 

oA 

0/5 

Mononuolear  Inter- 
atltial  infUtratton 

Thomat^ 

Vilgrma 

FlUloe 

Viaaler 

Nirainc  Purina 
Cbon 

Airlna  Chow 

1 

oA 

0/2 

C/U 

3/3  a 

0/3 

3/3  0 

C/6 

V5a 

^6  a 

0/5 

3/5a 

Mjrperoallnlar  ralve 

Ririna  Chow 

0/7 

C/5 

0/6 

3/6  a 

0/5 

a  "  nlldj  b  ■  Moderate,  o  •  narked,  d  ■  vairjr  narkado 
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and  a  aarkad  shortening  of  their  surrlTal  tine»  Purtheznoref  the  lesions 
seen  In  the  idee  fed  the  Vlllgraa  diet  resedblsd  In  general  those  repartee) 
by  Wilgraa  (28)  In  the  rata  Although  hlstologloal  ooMparlsona  of  the 
lesloas  seen  in  the  aloe  fed  the  Theaas  and  FllUos  diet  vith  those  in  rats 
are  ooapUoated  hjr  the  severe  effects  of  these  diets  in  raioe»  the  lesions 
in  the  two  species  have  several  oonmon  features  and  it  is  likely  that  these 
diets  could  also  be  used  for  studies  of  the  present  type  with  relatively 
ainor  aodlfloatlonso 

The  aajor  histological  findings  in  the  rat^  fed  the  atherogenic 
diets  and  in  the  idee  fed  the  UUgraa  diet  consisted  of  Intinal  tldckening 
and  8udanqphllla«  Up^.d  deposition  and  atrophy  of  the  snooth  muscle  cells 
in  the  Bedia«  and  fibrosis  of  the  media  aoconpanled  by  secondary  wrinkling 
and  fragasotatlon  of  the  elastic  laneUae  and  vascular  throidzoslsa  Calci¬ 
fication  of  the  degenerated  media  of  the  aortas  ooronax^'s  renal  and  pulmo¬ 
nary  arteries  was  a  frequent  lesion  In  mice  and  it  was  not  observed  In  ratsa 
Of  particular  Interest  was  the  lipid  deposition  within  the  smooth  muscle 
cells  of  the  ooronary  and  renal  arteries  in  the  rats  fed  the  PilUos  and 
Vdlgrom  dloto  Although  Vllgram  obsex^ed  lipid  In  the  media  (28),  ho  con¬ 
cluded  th^t  it  was  oxtraosUulare  FllUoo  end  his  associates  have  described 
(29)  Intraoellular  fat  In  older  blood  vessel  lesions  but  they  found  that  ths 
lipid  was  confined  to  the  fosm  cells  or  othei*  mesenchymcl  cellsa  The  de- 
oroase  of  snooth  muscle  colls  In  tho  media  of  the  rats  i'od  the  athorogonio 
diets  is  also  of  particular  Interest  in  that  such  ohangos  have  not  been  re¬ 
ported  prevlou8ly«  All  of  these  ohonges  are  consistent  with  the  marked  ele¬ 
vation  in  total  serum  Upidsp  oholestorol  and  phospholipids  previously  ob¬ 
served  in  the  rats  used  for  ttese  studlus  and  since  chronic  radiation  sup- 
pressed  these  diet-induced  effecta,  it  was  of  Interart  to  determine  whother 
these  histological  findings  were  also  decreased o  The  microscopic  findings 
presented  in  this  report  danonstrate  that  most  of  tho  llpid-contolnlng 
lesions  obsei^cd  in  ths  blood  vesselsp  particularly  those  dascribed  as 
llpomatousp  were  decreased  when  the  athicrogonlc  diet  feeding  was  cenbinod 
with  chronic  x-ray  exposure*  The  Incidfazoe  of  thraabosln,  howovur,  ap>Dearrd 
to  bo  increased  slightly  by  the  radiation  exposure.  In  the  mice  fed  tho  Wil- 
gram  diet  the  chronic  x-ray  exnosure  not  only  decreased  the  snount  of  lipid 
donosltioD  but  also  decreased  ths  calcification  of  the  blood  vessels  seen  in 
ths  non-ixnradiatod  animals  fed  this  diet.  Acute  radiation  expos'jre  alone 
caused  a  lose  of  smooth  muscle  colls  and  calcification  of  ths  aortic  media  in 
Bdoe  and  the  lesions  were  similar  to  those  described  by  others  (15*  30*31)  ^ 

The  combination  of  aozxte  irradiation  eoepoevre  and  the  subsequent  feeding  of 
tlie  Wllgram  diet  produced  in  mice  changes  sinllar  to  those  already  described 
in  rots  Pereas  the  Thomas  diet  produc^'sd  only  hyallnlsatlon  and  calcification 
of  the  pulmonary  arteries. 

The  aocuculatlcn  of  foam  cells  in  tho  tricuspid  valves  of  the  rats 
fad  the  Thomas  diet  and  the  finding  of  similar  cells  in  the  spleen  and  in  the 
liotcD  of  tho  pulmonary  ortoidLes  suggests  the  ^esence  of  these  cells  in  the 
oiroulatlon  as  was  recently  reportod  by  Henaud  and  Allard  (32).  iAnall 
scattered  foci  of  necrosis  and  fibrosis  were  seen  in  the  heart  seetlons  of 
tho  rots  fed  the  Thomas  and  Wllgram  diets  but  true  5fifarotlon*  as  described 
by  these  authors  (27*28),  did  not  occui’  in  tho  prosent  studies.  The  patchy 
areas  of  necrotic  m^roeardium,  which  were  obsei’ved  in  mice  fed  the  atherogenic 
diets  and  the  Wlsslor  high-fat  diet,  were  mostly  calcified  vrt?ereas  in  the  rats 
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tbaaa  anaa  wore  pradodjuntljr  flbrotlo*  The  ooAilMtloa  of  aouto  x^rtfy 
aacpoowa  and  feeding  of  the  Thoaea  diet  also  reaulted  la  patohor  neorosi^ 
and  oalelfioatian  of  the  mroevdloio  Oalolflo  leelan  of  the  blood  veesela 
nd  iqrooardlm  aa  aeen  In  the  adoe  In  the  preeeot  atudy  are  aladlar  In  many 
reaoe^  to  the  leaioBa  deaorlbed  hr  Lehr  In  rate  with  t^perparathyroldlaB 
aftar  aidfathlaabl  Intoodoatlon  (33)  •  Doningues  haa  alao  deaorlbed  nearly 
Idantioal  lealena  (eharaoterlaed  by  nedial  neoroaie  and  calolfloation)  la 
rabbita  In  nliloh  renal  Injnry  waa  nrodooed  with  nranitn  nitrate  (34)*  Al¬ 
though  the  parathFroida  vare  not  exanined  in  the  preaent  atndiea  and  aema 
lavila  cf  oaloltai  or  phoaphorue  eere  not  deteradned»  nuaoular  degeneration 
and  lipid  depoaltloo  were  found  In  the  heavily  oaloifled  areaa  of  the  aertaa 
uhon  the  ealeltni  naa  reiMved.  It  la  poaalble  that  the  foeal  oardlae  neoroaie 
aeen  In  the  rata  fed  the  lidlgran  diet  night  alao  have  been  due  to  hyper- 
vltadnoala  D  ainoa  oalolw  dapoaltion  haa  been  ahom  in  thla  oonditlon  by 
aewal  Inveatlgabora  (3$~U3)«  The  oaloifloatlan  aeen  In  the  andnala  fed  the 
Nuralng  I^]rina  Chou  and  poaaibly  alao  the  neT)fcrooalelnoale  In  theae  nloe  nay 
have  been  due  to  an  inoreaaed  absorption  of  the  dietary  oalelvi  beoauae  of 
the  laotoae  oontant  of  the  diet  (UU}»  Caldfioation  and  arterioaolarosla  of 
the  aerta  reaultlng  fron  the  aindnletratlon  of  dehydrotaohyaterol  have  been 
^owa  by  Selye  (1)5;  to  be  greatly  Inoreaeed  by  the  roaoval  of  the  teetiaf  and 
It  la  of  interest  that  testloular  atrophy  was  a  eamao  finding  In  the  animals 
fed  the  atherogenlo  diets  with  and  without  radiation  exposure  in  the  present 
study* 


Stenary 

lo  A  eomparlsQa  of  the  tdatoloeleal  findings  in  ths  cardlovasoular  ayatson 
of  Bdea  sad  rata  axposod  to  rarlous  doses  of  soute  and  ohronio  whole-body 
x-lrradlation  bae  bMn  made  and  tho  effects  of  various  atherogenlo  and 
high-fat  diets  on  these  findings  tvs  been  invaetigsted) 

2*  Acute  radlatlan  exposure  in  the  dosage  range  of  UOO  r  through  600  r  of 
x-irradlstlon  caused  a  loss  of  smooth  muscle  cells  and  eoleiflcetlota  of 
the  eortle  aedle^  calcification  and  hyalinlsatlon  of  the  pulmonary  arterlsa 
and  a  mononuclear  infiltration  with  necrosis  mid  oalolfloatlon  of  the  nyo- 
osrdlum*  Hjrporoellularlty  of  the  valves  of  the  heart  was  Also  observed* 

3*  Gomblnetlon  of  eoute  radlstion  exposure  and  the  feeding  of  various 

etherogenle  and  hlgh-fet  diets  did  not  rea'ilt  in  e  deoreaee  In  the  eudano- 
nhllls  or  caldflcetlon  of  the  blood  veeeole  or  any  of  the  other  dlet- 
Induoed  effeeta  seen  In  the  oardlovasoular  system  of  miesc 

U*  Chronio  rsdiation  exposure  at  the  rate  of  20  r  or  I|D  r/day  for  e  period 
of  12  weeks  produced  neoroele  and  fibrosis  of  the  aorta  in  rets  and  e 
mild  byalinlMtlon  of  ooUagen  fibers  in  mice*  Oalelfioatian  of  the 
ooronary  and  testloular  arteries  was  observed  In  both  epeoies*  In  the 
mloe  Intlmel  lipid  deposition  was  observed  In  the  coronary  arteries  arid 
thaore  was  also  a  focal  mononuclear  infiltration  in  tho  i^rocardlum* 

5*  Coaiblned  exposwe  to  ohronio  3e>irradlation  and  ths  feedii«  of  ths  various 
atherogenic  diets  resulted  in  e  decrease  in  the  inoidenoe  and  in  the  se¬ 
verity  of  the  diet-induced  blood  veseel  leelone^  nertloularly  the  liponetous 
chengee  Thla  was  partloulsrly  true  in  the  animals  fed  the  wligram  diet- 
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Tte  Vilgraa  dltt-indrioad  oalolfioatlon  of  the  acrta  and  other  blood 
Taaael^n  aloe  waa  olao  daoreaaed  bjr  the  ohronlo  XHrigr  eocpoaura.  Hoi7» 
wntf  tha  Inoidenea  of  tbronboaia  In  the  aorta  and  other  arterlea  aqp  ^ 
p«ar«d  to  be  Inoraaaed  In  the  ardnala  expoeed  to  ohronlo  »>irradlatlon4 
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matkCOWQIOkL  AMS  TCCICOIOOIOAL  OOKFOOVDS  as  ROTEOTIVE  or  IBESAIEDTIO 
Aomrs  AGAINST  RAOIATIOII  ZNJtlRI  IN  BXmZMBRAL  ANIMAIS 


1«  Tii»  InfliMne*  of  ftrioaa  Ohwdotl  OcDounda  on  Eadlatlea 
'  ■  llathaiity  in  klo» 

V.  PlMk«  Mo  Boot  and  J«  DouU 


Ttoa  ***1!^*^  ewieomat  Tba  aurvlval  tiae  and  nortalltj  of  aala 
mlcio  treaie^  vlih  varloua  chanloal  eoaiponnda  loaMdiatalgr  prior  to  tha  adraai- 
atratlon  of  a  lathal  doae  of  vbolo*>bO(fy  x>lrradiationo 

Twadla^  or  ultiaate  appllcatlep  of  tho  ipoaultai  To  find  ehaaieal 
ocoipooada  eapoblo  of  radueliig  or  proTmilng  nortail^  In  x»lrradlatod  muI— 
arid  to  elneldato  aooo  of  tha  atroetoro-aotiTlty  ralatlonabipo  within  gronpo 
ol'  rolatod  ohaaloal  protootiTO  agontoo  Although  nono  of  tha  ourrwitly  awaU- 
alxl  a  radiaprotaotlra  aganta  proxida  a  praotioal  aolution  to  tha  problm  of 
p  c  vanting  acute  radiation  injury  beoauaa  of  their  toxleity  or  raXatira  in^ 
a:  i  aotixanaaoi  tha  atudjr  of  theaa  eoeipoonda  and  of  ralatad  darixatixaa  looking 
p  <  taetixa  or  toxic  affceta  proxidaa  tha  aoat  logical  approach  far  finding 
c<  i  pounda  with  an  iaqiroxad  ehanotharapautio  ratio.  A  battar  undoratanding  of 
t'  I  praoiaa  atructural  oonfigurationCa)  raaponaibla  for  naxlnal  radlaprotaotlfa 
a  <  Ixitj  with  lalninal  toxioity  would  alaa  ba  of  oonaidarabla  aid  in  furtharlng 
9^  t  mderatanding  of  tha  baalo  waohanieBui  of  radiation  daafga  in  biologioaX 


*««»»«»*» 

Itarlng  tha  paat  three  nontha  forty»thraa  additional  ehanioal  oa^pounda 
n  iriaanting  aaxaral  typaa  of  ohanical  atruoturaa  ralatad  to  known  radlaprao 
t'  ( blxa  aganta  hero  bean  araluatad  for  mtaotira  aotixlty  againat  lathality 
f'l  C  Q  Wholo-bod|y  x-ray  axpoaura  in  adea  (!)• 

Materia]^  and  Mathodao  Adult,  aala  Cdrworth  Fazva  (CTi )  aioa  walghing 
»  twsar  ^0  and  ZS  graaa  war^anployad  for  tbaaa  atudiaa.  Tha  auiaala  wara 
V I  Sid  in  air-oonditionad  rooaa  (75^  F.  to  60^  F«)  and  wara  providad  with  food 
(1  cc  eland  Mouaa  Palleta}  and  watar  ad  libitna.  All  of  tha  aniaala  wara  kapt 
u  do*  obaarvation  for  at  laaat  one  week  prior  bo  thair  uaa  during  which  tlaa 
tl  c  8 1  Bice  which  failed  to  gain  wai^t  nonMlly  or  which  appeared  to  ba  vn* 

^  r  I  ihy  wara  ranoxad  and  aaorifioad.  Both  tha  control  and  aaqparlaantal  aniaala 
f  I  '  aalootei  at  random  froa  a  aingla  ahlpwant  of  aniaala  in  order  that  thair 
11  ad  weight  'lould  be  ofl^parabla.  Praliadnary  toxicity  atudiaa  wara  oarriad 
rith  each  oonpound  ta  d^nalna  tha  waatiaua  aaount  of  each  darixatixa  whioh 
:<  I  be  adainiatarad  to  tha  aioa  without  oanaing  aortality  due  to  ohaaioal  tax- 


For  the  radiation  atudiaB  a  alniwaa  of  tan  aioa  wara  taatad  at  aaoh 
deeaga  lavalo  DiatiUad  watar  waa  uaad  aa  tha  aolvant  wharawar  poasibla  and 
Ur  eonoantration  waa  adjuatad  in  each  oaaa  aa  that  none  of  tho  aioa  raoaixad 
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morm  than  2%  of  tholr  bo^jr  weight  irith  oaeh  Injeotlon^  The  pH  of  tho  so¬ 
lutions  wms  adjusted  to  approxlMtely  7  >0  whan  neoesaary  using  either  dl* 
lute  hydroohlorio  sold,  sodium  hydroxide  or  sodium  blearbonato»  Coepounds 
whioh  ware  insoluble  In  enter  were  dissolved  In  propylene  glyoolo  Both 
tho  control  adoe  (these  treated  with  a  oomparable  amount  of  Injection  vehi- 
cle)  and  the  treated  mice  wore  x-rayed  slm^taneously  10  to  1$  miimtes 
following  the  Intraperltoneal  Injections  o  Obserratlons  on  the  mortality  of 
both  grottpo  were  made  daily  for  a  period  of  30  days  after  the  expeeure  or 
until  all  of  the  mice  In  the  treated  group  were  dead« 

The  x-ray  exposure  was  given  as  a  single  whole  bo^hr  exposure  of  2$L 
K7P,  15  mso  x-ray  by  moans  of  either  a  OoEo  Maxlmar  Therapy  Unit  or  Keloket 
Therapy  Unit«  Tte  dose  rate  waa  measured  prior  to  each  radiation  period  by 
means  of  a  71otoreen  Ionisation  ChanOMr  (100  r  thlnible)  and  was  found  to  be 
between  UO  r  and  U2  r  per  minuter.  The  added  filtration  oonsisted  of  0o25  mm. 
of  copper  and  1„0  mmo  of  aluminae  and  the  target  skin  distance  was  75  onr. 

The  animals  were  irradiated  Individually  In  plastic  tubes  (50  eoo  centrifuge 
tubes  provided  with  nueerous  holes  for  air)  placed  radially  on  a  rotating 
turntable  so  that  each  animal  received  an  equal  dose  of  x-ray«  The  turn-’ 
table  was  enclosed  in  a  teaqiarature-oontrolled  chamber  which  maintains  a 
tcaqperaturo  cf  approximately  76^  F„  to  78°  Fo  during  the  irradiation  expo¬ 
sure  periods 

The  USAF  code  letter  deal^pnatlon  and  the  source  of  the  ooqxiunds  in¬ 
cluded  In  this  study  are  listed  in  Table  Ir 


TABI£  1 

S0UR(X  AND  OSAF  CODE  NUMBER  07  COMPOUNDS 
INCUIDEO  IN  THIS  REPORT 


0.  slgnatlon  i  ^  <!<>«««»< 


FA  I  Palnount  Chemical  Company,  Ince*  Newark,  New  Jersey 

MJ  I  Oto  E.  W«  Duraohta,  Mead  Johnson  Research  Ctra,  Evansville,  li^« 

EK  I  EastaMn  Kodak  Company,  Rochester,  New  York 
X  I  Oto  Oo  Thiassen,  Xoppers  Company,  &»•,  Pittsburgh,  Pie 

CB  I  Oallfomia  Gorpo  for  Bloohamioal  Research,  Los  Angles,  Califs 

ST  I  Or.^  N ,  Wa  Standish,  The  Standard  Oil  ComiMny,  Cleveland,  Ohio 

AN  I  Mrs  Mo  L,  NeuvUlCv  Ansul  Chemical  Compaiqr,  ^rinette,  Wlsco 

PO  I  Or..  Rs  D.,  Westland,  Parke  Davis  and  Compasqr,  Ann  Astwr*  Mlcha 

_ J _ 


Results 

Preliminary  to:dcity  stadia.  In  order  to  determine  the  maximum  safe 
kse  for  use  in  the  radlatlm  studies,  it  was  necessary  to  obtain  an  approxi- 
.aate  IA'q  for  the  various  compounds.'  Accordingly,  small  groups  of  mice  were 
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InjMtad  iBtraparltenMlly  with  InerMslag  doMg*  lev»la  of  «Mieh  ocaqpoiind, 

•nd  ttao  roaulUng  wortalitj  raeordod  for  «  porlod  of  oim  mboIco  The  ro> 
eulte  of  thMo  toxiol^  teeta  ero  ehown  in  Table  2« 

gy%iiy»ticp  of  oonPOttPde  for  ra^oprotaetlya  actlTlty»  The  x-ray  dose 
used  for'  tti—a  ebuii—  r  of  whole  feo^  x»lrradiailon  d^xared  In  a 
alngla  doae)  prodaoaa  ovar  9^  nortality  In  CF^  >iea  under  the  experlnental 
oondltlona  oaed  in  thia  laboratory.  Radiation  daatha  flrat  appear  on  the 
fifth  and  aixth  day  after  the  expoaure  and  the  median  aurrival  time  (ST^) 
of  control  or  untreated  anlmala  la  11  -  3  daya.  A  coiqxnmd  la  eoneldareo 
to  exhibit  protaetlve  affeota  if  it  Inereaaaa  the  SToq  ^  than  fire  days 
or  if  it  pamlta  any  of  the  anlmala  to  aurvive  for  30  daya  after  the  x-ray 
ecqfioaurei 

The  flrat  aaven  coiq)oand8  atudied  Included  a  thlasole  derivative,  two 
thiadiaiole  derivativaa  and  a  tetrasole  derive tiva»  Of  theae  the  thiaiole, 
ZfUHllmethgrlthlMole  (FA-T)  and  one  of  the  dlaaolea,  2-emino»$<>«ieroapto» 
l,3,lt-thiadiasole  (FA-6)  were  protective.  In  Figure  1  it  may  be  aeen  that 
when  FA-7  vaa  adainiatered  at  a  doeage  level  of  200  n0B.Apia$  it  protected 
10$  of  the  nice  fron  an  otherwiae  lethal  doee  of  whole  body  x-irradiation, 
and  that  2-anino-$-mereepto-l,3«h-thia'!llB.^le  (FA^^^)  protected  $0$  of  the 
nice  when  given  at  the  aane  doaage  level.  In  the  latter  inatance  lowering 
the  doae  to  100  nga./kffi.  eradicated  the  protective  effect.  In  a  pravioua 
report  (2)  a  narked  radioprotective  effect  was  obtained  with  2-taatanone 
oaine.  Conaequently  alpha  bonsoin  oxine  was  evaluated  but  no  jroteotion  was 
apparent.  The  thiobenao^enone  derivative  tested  at  thia  tine  was  also  of 
no  valna  but  a  thiourea  (aUylhydroxyethyl  thiourea,  FA«3)  did  protest  10$ 
of  the  nice  injected  with  100  ngn./kg^,  of  this  eonpound  prior  to  a  lethal 
x^ray  expoaure.  Figure  2  depicts  this  graphically. 

Two  oarbasolea,  aninoethyl  and  dlaadnoethyl  oarbasole  (K-3132  and 
K  3U5$  respectively)  both  showed  protective  activity  against  radiation  lethal¬ 
ity.  m  both  instances  the  higher  dosage  lavi^  wplcyed  was  toxic  as  evi¬ 
denced  by  a  decrease  in  the  STcq  while  a  doaage  lavel'of  $0  ngno/i<gBr  gave 
pioteotion.  Figure  2  shows  50$  survival  of  nice  pretreated  with  the  nono- 
aninoethyl  cerbasole  and  Figure  3  shows  that  only  10$  of  the  nice  similarly 
troated  with  the  dianinoethyl  carbaeole  survived  for  30  days  after  750  r- 

Since  thioglycerol  ehowed  radioprotective  activity  when  tested  pre> 
vlously  (1),  this  ooi^Mund  end  eeveral  related  oompounde  were  included  in  the 
present  teste.  However,  no  protection  wee  afforded  by  any  of  thesa  ccnqioonds 
at  the  dosage  levels  used.  Nlnlmsl  protection  (10$  survival  of  adoe  for  30 
days  following  a  lethal  x  ray  axpoeure)  was  o'otalned  following  the  adninla- 
trition  of  100  ngi'./kgm.i  of  dithiothymlne  (CB  38).  These  reacts  are  shewn 
In  Figure  3. 

The  next  group  of  lit  ooaipounds  consisted  mainly  of  butane  derlvstlvee. 
Ha  lever,  since  the  nunee  and  structures  of  those  derivatives  nave  not  been  re  > 
..eised  as  yet,  they  ere  presented  in  this  report  by  their  code  numoere  only 
Of  these,  ten  showed  varying  amounts  of  radioprotective  activity.  Figures  It, 
5k  6,7  a^  8  depict  the  reaulte  grephicallyc 
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tabu;  2 

ACUTE  INTRAIiaiTOIOSAL  TOnCITT  AID  BABIOPROTECTIVS  ACTIVITT 
GP  VARIOUS  CHEMICAL  CCMPOD1ID6  IM  MALE  MICE 
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TABLI  2— OoBtiaud 
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Dagre  After  X-ray 


Figure  1'.  Effect  of  2,li-«dinet)7lthiazole  (lA-T)  and  2«aBilno» 
rcepto~l,3>I»"thladla*ole  (PA -6)  on  SYrrlvnl  of  nice  irradiated  with 
750  r  of  whole  bo^jr  x-irradiabloao 
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Flgor*  2o  Effect  of  alljrl  bgrdroxarotfexlthioorM  (Rl-3)  oad  3- 
oarLaaolo  (K-313?)  on  ourtivnl  of  nloo  Irradiatod  with 
7$0  r  of  vh^  bodbr  x-irradiatlcn 
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Pigar*  3.’  Effect  of  3,6~^di«mljao-9<'ethorl  carbazol*  (K>3i!i55)  and 
dltlilothyTaiiM  (CB-’36)  on  siurriTtl  of  nlee  irradiated  with  750  :•  of  whole 
bod^T  x-lrradlation , 


10  20 
Oajs  htt9r  X-VQj 


Fi^nre  Uo  Sff«et  of  8T-*1  end  37-2  on  aunrlTal  of  alee  Irndlnteo 
with  7S0  r  of  whole  body  x-lrmdlatloBo 


uo 


Hear*  $,  Bff«ot  of  8T-3  oad  ST-6  on  oarrioal  of  aieo  imdiatod 
witti  7$0  V  of  vholo  Vex^  :s<»imdl«tione 


f 


m 


71gur«  6,.  Effect  of  ST'-7  nd  St~8  on  8unrl¥»l  of  mice  Irradiated 
with  750  r  of  whole  body  x-^irradiation.. 


*c«i*  Celiw 


U2 


Day*  After  X-ray 

figare  7.,  Effect  of  ST-9  and  ST '12  on  snrvlTal  of  mice  irradiated 
rit  1  750  r  of  whole  body  x-irradiation«  . 


Br  oenc  ouiTiva— 


10  20  30 


Dsya  After  X  ray 


Figure  8o  Effect  of  ST-lU  and  co;>por  methane  areonate  (AN ‘3)  on 
aur  rival  of  mice  irradiated  with  750  r  of  whole  body  x~lrradlationw 


r.  ritir^'WPll 


2 


Pl£ur« 
ciirs  (AK-6)  on 
/•“Irradiation, 


nu 


9'-.  Effect  of  cacotfylic  add  (AN“=5)  and  ^'“butylene  pyrroli- 
aurrivfel  of  mice  irradiated  dth  750  r  of  whole  body 


Tvo  arsenates^  a  mercurous  and  a  copper  derivative  were  evaluated 
nnd  Uie  latter  (copper  methine  arsenate,  AN >3)  showed  minimal  protection 
as  evidenced  by  a  lOjf  survival  of  mice  pretreated  with  $  mgmcAsi"' 

(ionpound  prior  to  a  lethal  x>>rs7  exposure  (Figure  8)o  Another  arsenical, 
caeodylle  acid  (AN-5)t  similarly  protected  U0%  of  the  mice  when  adalnl» 
stared  tt  a  dosage  level  of  200  The  hl^er  dose  of  500  m0ii>/kgmr.. 

not  only  resulted  In  no  BO^day  survivors  but  decreased  the  ST^q  ^  three 
days  from  that  of  the  control  mice  x«irradlated  simultaneouslyo  Figure  9 
shows  these  results  as  trail  as  those  obtained  when  N-butylene  pyrrolidine 
(AN«<6)  was  administered  to  mice  at  a  dosage  level  of  10  agUo/k^-,  prior  to 
a  lethal  exposure  of  750  r  of  idiole  body  x-lrradLation.. 

The  nine  rssmlnlng  compoimds  which  contained  ureas  and  pseudoureas., 
bensothiaeolesj,  a  piperaslnej  a  thiasollnei,  a  dione,  and  a  propionic  acid 
derivative  were  all  Ineffective  as  radioprotective  compoundso 


Smnnary 

.Tbrty^three  chemical  compounds  have  been  tested  for  evidence  of 
radioprotective  activity  in  tho  present  stuc(y^  Of  these,  18  showed  slight 
to  sl^ificant  protective  effects  in  that  they  pemittid  from  1058  to  60% 

3f  tt>a  mica  to  survive  for  at  least  .30  days  following  the  otherwise  lethal 
Jhole  bolv  x~-ray  exposure.^  Tlw  maximum  amount  of  protection  was  afforded 
vhsn  ST-^:Ui  was  ackninlstered  (6O58  and  3058  respectively  for  the  two  doses 
testsd)o  Pour  compounds  (2-^ainlno-'5‘-nercapto^l,3sl:-‘thladlazole  (FA--6)^ 

.3' amino  ;) -ethyl  c&rbazole  (K»3l3?j,  ST -8  and  ST-9)  protected  '^0%  of  the 
:C''lrradltited  mice  for  30  dhys  following  exposure  whereas  a  2^0^  sui^val  re- 
julted  fixjm  the  pre-lrradiatlon  admlnietratlon  of  three  of  tho  compounds  In¬ 
cluded  In  this  study^  These  compounds  veret  ST-1,  ST-2  and  cacodylle  add 
»AN-5)-.  ST-7  protected  30)8  of  the  irradiated  mice  during  the  30'‘day  post- 
lrradlat.\on  period-  The  remaining  nine  protective  derivatives  gave  only 
nlnlmal  [protection  (10)8,  30“day  survivors)}  this  group  included t  allyl 
liydroxyethyl  thiourea  (FA-3),  2^U-dimotlyithiasole  (FA--?),  3, 6 -diamino--' 
‘’-eth^l  carbazole  (K'-3U55).-  dlthiothynlne  (CB-38},  51-3,  ST-o,  ST -12, 

(topper  methane  ereonate  (AN-3)r  and  N-butylens  pyrrolidine  (AN-6)c 
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VtURMACQLOaiCAL  AHD  T0X1C0IX)01CAL  COMFOD11D6  AS  RlOTESTIVE  GR  THERAFEDTIC 
AGENTS  AGAINST  RADIATION  INJURY  IN  EXPERIMEaTCAL  ANIMAI£ 


II  u  further  Sta:dl»a  on  th»  Keoh»nla«  of  RadAoprof  otlon  Afforded  bf 
Chranldii  and  Viiric^  Mltrilee  ^ 

Jn  DlUsy  and  J.,  OouU 


p>la  report  ooiMe^t  The  survival  tins  and  mortality  of  male  and 
femle  CP;i  aloe  treated  with  syanlde.^  aoatone  cyanohydrin,  pentanone  eyane» 
hydrin  and  2^1mlnO''thlaaolidlne‘>ti-'^arboxylio  acid  prior  to  or  follotrlng  the 
administration  of  lethal  doaea  of  whole  bod^y  x-lrradiatlon,  and  some  pre^^ 
Itninary  atudias  on  the  enzyme  aysten  involved  In  the  detoxlfloatlon  of 
cjnnldeo 


Imnedlate  or  ultimate  application  of  the  reaalta»  To  obtain  infor-- 
mf';ion  c<mceming  ihe  inechanlsm'{e)  responsible  for  bKe  radioprotective  ef- 
£'f  its  of  cyanide  and  related  derivatlvao..  These  studies  constitute  part  of 
a  irogram  designed  to  obtain  information  regarding  both  the  tozio  and  the 
o:  tectivo  effects  of  the  currently  available  radloproteotlve  agents »  This 
u  'oiTWition  Is  essential  for  the  evaluation  of  the  potentially  useful  agents 
I'  :  ^lie  development  of  new  agents  or  cor/ibinutions  of  agents  having  an  la°> 
veo  therapeutic  Index 


«**»«■»»« 

In  a  pravloxio  report  (1)  w«  described  experiments  which  demonstrated 
t]  it  oyanlde  and  some  nitriles  will  protect  mice  against  lethal  doses  of  whole 
b.  .<>irradlatlono  The  present  report  Is  concerned  with  farther  studies  on 
r;  inide  and  soma  related  cyanlde<-contalning  compounds,  and  the  eneymss  in^ 
v<  Lvod  in  the  detoxification  of  oyanlde»  These  studies  euggest  that  thasm 
or  ymee  nay  bs  Intimately  involved  in  the  radioprotective  effects  of  such 
a)  mtcn 


Materia  its  and  ^thods..  Adults  male  and  female  Carworth  farms  Cfj^ 
m:  je  wolfing  between  ZC  and  25  grams  were  used  for  these  studiea-  The 
itrol  and  experimental  animals  were  selected  from  sln{^e  shipaents,  housed 
groups  of  not  more  than  ten  aninele  per  cege  in  an  alr^^conditloned  room 
'  te  85®  P, ),  end  fed  Rockland  Mouse  Pellete  and  water  ad  llMtumc-  Aqueous 
.uticns  of  the  coinpcuuda  used  for  these  studies  wore  prepared  Just  prior  to 
i.  .Ir  V80,  and  were  injected  intraporltonealiy  at  a  concentration  of  1$  or 
■  iS  oi  tiie  body  weight 

The  ensyme  used  for  these  studies  was  prepared  from  fresh  rat  liver 
;crrBng  t-o  the  msthod  of  Cosby  and  Sumner  (2)  All  extraction  procedures 
.  -e  carried  out  at  C .  and  the  preperatlora  were  stored  at  the  same  temper- 
.'i  ire  in  the  proper  dilutions  of  buffer  ^ 
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Th»  x«^ray  axposarea  itsrv  glTan  tgr  maatloa  of  a  Eo  Maximar  X-ray 
Urlt  oparatad  at  2^0  XVP  and  nao  vlth  loO  mmo  of  aluminum  and  Qo2$  imr, 
ci  ooppar  addad  filtration'.  Tha  doaa  rata  ima  daterminad  prior  to  each 
irradiation  axpoaura  ty  meana  of  a  2$0  r  Vletoraen  Ionization  Thiabla  in 
air<.  All  of  thaaa  atudiaa  ware  eairied  out  at  a  doae  rata  of  about  10  r 
par  aaoond  ta  inaura  that  tha  irradiation  pariod  would  be  aa  short  aa 
poaaiblao  Both  tha  oontrol  and  the  treated  animals  inira  irradiated  aimul- 
tanaously  and  tha  mortality  vlthin  aaeh  group  was  followed  for  30  days  or 
until  tha  death  of  all  of  tha  miea  in  each  group  had  ocourred.^^ 


Rasul ta 


Effect  of  iMreaaing  dcaes  of  oya^de  on  tha  earTiirol  time  and  i^r- 
talitr  o?  X'^inudiaiad  female  mieeo  ft  haa  preirioueiLy  bean  ahown  (1) 
tr^t  cyanide  is  a  good  prateotar  agailnat  lethal  doaes  of  ionizing  radiations 
idian  given  in  doaes  of  2  m^ftu/kgmo  as  HCN  Just  prior  to  the  irradiation 
periodo  It  vaa„  tharaforoj,  of  interest  to  see  if  a  greater  increase  in  the 
oyanida  doaa  would  afford  even  batter  prateotion  with  increasing  doses  of 
irradiatlonu 

Groups  of  animals,  each  of  which  contoined  ei^t  female  nice9  vere 
used  for  these  studlesu  Each  group  of  aninais  uas  injected  with  either  2  or 
2o’5  ngmoAffio  of  HCH  (lin8  or  mffio/kgn^  of  the  potassium  salOa  Approxi^ 
mately  four  minutes  later  these  animals  were  then  exposed  to  increasing 
amounts  of  whole  body  x-lrradiatlon  at  dosage  levels  ranging  from  700  r  to 
90D  r  in  $0  r  increments »  The  dose  rate  for  these  studies  was  about  230  r 
par  minute  «id  the  results  are  shown  in  Figures  1  and  2.  It  can  be  seen  that 
under  these  exparimantal  conditions  the  higher  dose  of  cyanide  is  more  radio- 
protective'.  I^ortunataly,  higher  doses  of  x-.^ray  were  not  given  since  the 
obsarrad  response  was  greater  than  had  been  anticipatedo  These  studies  have 
been  repeated  at  theae  doae  levels  and  also  at  higher  levels  of  both  cyanide 
an]  irradiation  but  tlie  results  are  not  yet  available's 

Effect  of  acetone  yyiotedrin  and  pentanone  cyanohydrin  on  the  mor- 
ta.ity  an<i  survivai  iime  of  female  mlcao  xn.a  prerlems  report  UJ  wo  showed 
tH^ii  aoaiona  cyanohydrin  is  a  good  prooectlve  agent  when  e^ven  Just  prior  tet 
la  'lial  dssas  of  x-ir radiation-  We  have  since  repeated  this  experiment  using 
nd.iitional  tlias  intervals  and  compared  this  with  pentanone  cyanohydrin,  which 
;la  less  taxio  than  either  cyanide  or  acetone  cyanohydrin,  but  would  be  ex- 
])ei:ted  to  bo  a  good  protector  by  virtue  of  the  fbet  that  it  will  also  lose  its 
cynide  radical  quite  rapidly  in  viveo 

Solutions  of  these  two  oonqxnuids  were  prepared  by  making  t'.ie  original 
dii.ution  in  the  retio  of  10  il  (v/v)  in  propylene  glycol  and  the  final  dilutlc  i 
imti  made  (w/v)  in  distilled  water-  Groups  of  animals,  each  of  which  eontaine;:i 
oight  female  CFn  mice,  were  injected  with  these  compounds  at  various  time  Intei* 
val.a  prior  to  7^  r  of  whole  body  x-ray..  Control  anlmala  were  inject.ed  with  a 
wat«r  placebo  which  contained  about  c.he  same, amount  of  propylene  glycol  «s 
injected  into  the  experimental  groups.'.  Tha  survival  of  these  animals  is  shown 
in  Figures  3  and  U.  For  comparative  purposes  the  data  at  2,  $  and  10  mlimtes 
for  acatens  cyanohydrin  is  included  in  Kgure  3,  although  it  has  been  previously 
reported  (1)  .  The  data  in  these  figures  show  that  both  of  these  compounds  are 
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Days  After  X-irraditi  >lon 


Figure  lo  Effect  of  pre-treatment  wi^h  2o0  npt«  HCN/kgBc  on  the 
(  irrlTBl  tine  and  nortality  of  CF^  female  t^c'<  exposed  to  whole  boiity 
7  irradiation.-, 
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Figure  2.  Effect,  of  pro  trcatrcnt.  vith  2  25  ingm  i^CN  Icgm ,  on  the 
i  ur\'iv*l  time  and  ewftality  of  CFt  female  mice  expoced  to  whole  boc^jr  x- irradi 
» tion 
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12  16  20  2U 

Dnys  After  X-lrradlatlon 


Figure  3''  Survival  time  and  mortalf.ty  in  CF,  fenjalo  mice  given 
o3  ingaio/kgniv.  of  acetone  cyanohydrin  at  varloua  Intervale  prior  t/i  the 
dniiiistratlon  of  700  r  of  whole  bodljr  x^lr radiation^ 


Figure  K..  SunriTOl  tine  axid  raortjjliiy  in  CF^  female  nice  given 
10  /kgm.  of  pentanono  cyanohydrin  at  vnrioue  intonrala  prior  to  700  r 
of  whole  body  x 'irradiation- 
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g  >od  pfoteetive  aganta  under  these  experimonbal  (jonditionso  Although  the 
c  'se  of  pentanone  cyanohydrin  will  haro  to  ha  increaoed  to  nearer  its  texie 
lanitS;,  the  rasultB  of  this  oxporlmont  soon  to  indicate  that  the  oaxltBum 
p  •otflictlon  with  pentanone  <^nohydrln  occurs  at  about  eight  minutes  while 
1 .10  njaximum  effect  with  acetone  cyanohydrin  occurs  at  four  rainuteSo  Further 
studies  are  planned  to  investigate  tha  structure  -activity  relationships  with 
t  lese  and  other  cyanohydrins 

The  radioprotective  effect  of  2  ^iwina  -thiaaolidlne-^U-OTrboxylle  acid 
female  CF)* mice..  Tn  a  pfovioue" report  (Tri?-linino^thia*olidlne-U-carBM5rlic 
a  r.ietabollto  of  cyanide.,  was  discussod  as  a  poss^lble  protective  agent 
v'lich  might  be  responsible  for  a  delayed  protection  observed  with  cyanide 

Mautliner  first  described  tlie  reaction  of  cyanide  with 
:  Stine  in  aqueous  solution  to  form  2-1.mino -thiazolidlne*-h'=^arboxylic  acid  and 
!  a  nc-ihed  was  to  prepare  the  thiozolidino  for  these  studies  except  that 
r-  mroximately  equimolar  amounts  of  cjunlde  and  cystine  were  mixed  together 
B  id  T;he  oompound  was  then  in.1ected  without  further  purification^  Just  prior 
1.  ;  usft  the  pH  of  the  preparation  was  adjusted  to  about  7  .6  with  1  N  HCl-  The 
.  action  wa.s  c-visidered  to  las  r-ompleto  when  doses  equivalent  to  30-'Ii0  lethal 
*  'BO.-!  of  cyanide  did  not  produce  mor-t,«  iity  -'h  mice  . 

Groups  of  aiiimalak  each  oi'  which  contained  ten  female  mice,  were  used 
•:  r  hcae  otudies  Tha  experimental  animaDs  wore  Injected  Intraperltoneally 
•-  VI tying  time  porlcdo  prior  to  an  a3.~OBure  to  "00  r  of  whole  body  X'^lrradl^ 
io  1  Tho  control  .animals  ware  injected  v^lbh  water..  The  dose  of  thiasolldine 
ve  i  each  group  w«a  equal  to  SO  ngjn  Vg",  of  HCK.  In  addition,  two  more 
.  ruis  were  In.jocted  with  doaos  or  thinzoll  dine  equal  te  150  mgn  /)cpn>  of  HCN 
5  uTtd  30  alnutes  prior  to  ?U0  r  of  whoje  hod)-’  x -irradiation.-  The  survival 
rv-i  for  t'nst^c  anln.ils  are  shown  in  li-gure  5  It  appears  that  under  these 
pe  iitantal  conditiona,  this’iolldJr.e  rffordn  the  bent  radioprotective  effect 
?n  :)  vru  3’^  rLlitutrs  prior  to  700  r  end  that  the  higher  dose  of  thlasolidlne 
*  t  in  prr.\©ni5.riK  rariijjfcion  Isthnlity..  Howevor,  at  each  dose 

m  cf  the  c ft.  sound,  ard  at  every  time  intervalj  there  was  a  substantial  in- 
la  Iri  thv<  me iian  survival  time  of  ihc  tre.nted  raics  even  though  all  of  the 
nx  ii  jj.d  not  ethibi  t  3Ci-day  .*airvi"njj-f, 

Thr  raci  hu-otectjvgi  offeeta  of  ?  -imlno  -  thinzolldine-U  ^carboxylic  acid 
«n  l^tcr  expoaxu’f  to  TetHnU.'  I’osoiT  of  whole  bo^  x-irro(ilati<mr,  Secause 

T/i  1  tTmo  5??  e  jt  r oin ti oncViips ^  Iv.  was  thought  worthwhile  to  investigate  the 
.ssi  villty  of  o  it.nining  protection  w*  th  I  hl.vKolidixxe  given  after  the  radiation 
00.1  u'3,  For  thin  expel iment  fou”  gjf'xnr  ■■■■*'  tan  mice  ware  exposed  to  700  r 
wf,  j'ie  body  >  ruy  f,t  a  docf-  rate  f)f  10  r  p-sr  second  Three  of  these  groups 
u  .iinri  in.je>ted  with  thlarolidJu*  ft  I?  or  30  mxnutes  after  the  radlatiend 
-r*  Tile  foux-th  grcun  wr.e  Inj  snv.ri  i/itU  only  watar  .at  30  minutes  after 
iij  -ian  ’hf  results  c-f  this  ox’JDrlirent  f-nn  be  seen  in  Figure  6-  While  none 
-  n  •  .rAi-.a*'  ’•  nijr/lvod  the  30  dxy  .'o.^s-  orro  rxx'e  iXsriod.  thor.-*  wajf  a  p-olongatlon 

I  ..'rdsaix  'jin’ivr.’..  lime  In  t  ic  '.;roup  trc.'ttcd  it  30  pPimtes  after  Irradlatlcu 

.  -  i  ir,  -r  iB'„  thei'cfoie,  c.j  .- »iwit  thf*  experiment  uding  a  lower  dono  level 
slitic.i  111  repcfitlng  tlxia  e-frifirimatit  t-hro-i  groups  of  ten  animals  each 
•«  .-'icned  'c  ')50  r  of  whole  ood)'  x  j.rrijdli'.tion  Tlxe  groups  were  than  in- 
h.  -I  -rich  thlBiiolidxne  sqoivulent  te  150  npm . , of  HCN  at  intervals  of  I? 

f  -  mlmj-toi...  The  third  -rontrol  /.r-rup  was  again  injected  with  water  >  The 
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Plgani  5  3  Th«  ef^’ect  of  pre'»xrradlatlon  admlnlatratlon  of 
2»4iiilno-thi«»olldlne~U -carboxylic  acid  on  the  survival  time  and  mor¬ 
tality  of  CF  female  mice  exposed  to  700  r  of  whole  body  x- Irradiation. 


‘''-a 


Days  After  I»ray 


Figure  6.  Effect  of  post -irradiation  odnlnistration  of  2  ^iaino- 
"  r  aB  ’lidine-U-'carboxylic  acid  on  the  eunrlval  tine  and  mortality  of  CPj^ 
^ :  aL»  mice  e^osed  to  6^0  r  or  700  r  of  whole  body  x-ray- 
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i‘b«iiltlng  survival  oorvas  and  mortality  ara  i^oan  in  Pigura  6,  Prom  thesa 
rc  salts  it  is  svidsot  that  tha  Injection  of  thiaaolldlna  at  30  mlnutas  after 
6SC  r  of  ahola  body  X'  ray  aiU  result  in  significant  survival  at  30  days 
altar  tha  irradiation  eicposura«  Additional  stadias  ara  in  progress  to  varl* 
fy  and  extend  this  unexpaotsd  observation  and  tha  results  aoounalatad  thus 
far  are  shown  in  Pigura  7<>  Different  numbers  of  animals  have  bean  used  at 
aaob  level  of  x^^ray  eiqposure  in  these  studies .  The  survival  ourves  for 
r  are  based  on  10  animals  per  grotq)*  for  600  r  they  ara  based  on  17 
animalSf  for  6$0  r  they  are  based  on  3U  animals,  and  for  700  r  on  31  animals 
In  the  control  and  treated  groups o 

The  effaets  of  irradiation  on  rat  livr  extracts  of  transaul^raaeo 
Transsulfurase,  first  descried  ^  Lange  (it)  an<^  naead  rhodanase  ^  Mm,  was 
thou^t  to  be  of  interest  in  our  study  beoauie  it  Is  Involved  in  tha  detaxl> 
fioatien  of  cyanide  in  vive» 

Tha  ansyme  was  extracted  and  oencantrt'^d  eoeording  to  the  method  of 
Gcsfey  and  Sumner  (2)  from  the  pooled  livers  of  15  adult,  mala  and  female 
Sprague'-- Oswlay  retso  All  of  the  extraction '  procedures  were  carried  out  in  tha 
odd  room  at  U**  C.>  and  the  final  extract  was  stored  in  tha  refrigerator  until 
rrady  for  use  in  dilute  phosphate  buffer  (pH  7-0) «  Aliquots  of  ^Is  ensyaie 
pteparation  were  removed  for  each  study  allowed  to  coma  to  room  tempera- 
tvra  before  being  usedo 

Te  measure  the  ensyne  activity,  aliquots  of  the  ansyme  were  added  to 
t«  at  vessels  which  contained  a  thiosulfate  substrate  and  the  potaaslvm  cyanide 
r<  captor  in  phosphate  buffer-.  At  measured  time  intervals  the  reection  was 
si  opped  by  ths  addition  of  36i  formalin-.  Portions  of  ths  rsaotants  were  then 
a(  ded  to  ferric  nitrate  and  water  and  tha  amount  of  thlooyanata  formed  wae 
nKasured  with  a  Coleman  spectrophotometer  Hodel  Ib  at  a  wava  length  of  Ii90  mu 
against  e  reegent  blanko  All  of  the  reections  were  carried  out  in  plaatl? 
cips  fomed  in  e  Incite  disc  which  could  be  positioned  In  tha  x-ray  beam  in 
a  Diaitnar  insuring  thst  saoh  cup  would  reoslve  the  sams  x-ray  dossc 

Initially  the  reaotion  was  allowed  te  preeeod  during  the  redletlon 
eyposure.  In  subeequant  studiee  each  of  tha  reaotion  eempononta  was  Irradi¬ 
ated  prior  to  the  start  of  the  reaetiono  The  results  of  these  expenments 
ai  e  shown  In  Figures  6  and  9-,  It  can  be  seen  tbst  the  exposure  of  the  com¬ 
plete  reaction  systam  to  x-irradiSb Ion  causes  a  depression  of  the  reaction 
vtlocity  and  of  the  amount  of  end-preduet  fomed  (Figure  8)o  However,  wbem 
t)  e  ensyaa  la  irradiated  prior  to  reacting  it  with  the  ocaq;>lete  system,  the 
a>  tlvlty  is  Increased  over  that  of  the  control  reaotion  (Figure  9)-'  This  is 
ei  hanced  even  further  when  the  ensyme  is  Irradiated  in  the  Traeenee  of  the 
stibstrata  prior  to  reacting  it  with  the  ccmplote  eyetam-.  Irradiation  of  the 
tl  losulfate  or  cyanide,  either  eeperately  or  together,  had  no  effect  on  the 
reaction  velocity  or  on  tha  amount  of  product  formadc  £||r  making  the  reaction 
oi  the  ensyme  aubstrate-depenchmt,  after  irradiating  tha  anayme  at  varlooe 
levels,  and  then  plotting  the  rooiprooal  of  the  reaction  vsIocJty  vse  the 
reciprocal  of  the  substrate  ooncentratlon,  liie  results  shown  in  Table  10  were 
ol  tainado  From  these  results  It  appears  that  at  x-ray  lanrels  of  1,000  r  and 
2,  DOC  r  there  is  a  competitive  inhibition  of  the  eniyme,-  However,  at  a  higher 
level  of  3,000  r  the  meehanisma  seam  to  be  different  by  virtue  of  the  fact 
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Figure  7o  Effect  of  2~lmlno~thlasolldine»U-c«rbox7llc  acid  giren 
I  >  30  miiratee  after  radiation  expoaure  cn  the  eunrlral  time  and  mortality 
<  *  CFj^  female  mice  expoaed  to  5$0  r,  6OO  r,  650  r  or  700  r  of  whole  body 
3  Irradiatiouo 


£n«yM  Aetlvl^  in  Tens  of  lncroa»«  In  <.<ptloal 
Daiudty  at  L90  i|fi 


flgora  6o  Effect  of  z-lrradiation  on  in  rltro  rat  Uvar 
tranaaolftoraaa  aetlTitjo 
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Flgur*  9r  A  conparison  of  tha  effecta  of  radiotlon  of 
tlw  onzyne  a  Iona  with  tho  of  facts  of  irradiation  of  the  ensyM- 
substrata  ooiiQ)lax  on  eubaaqaant  actirll^o 
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that  the  interoapt  at  the  ordinate  la  no  longer  the  oame  as  that  for  the 
control  raaotloHo  Farther  studies  are  In  progress  to  clarify  these  findings.. 


Oiseusalon 


In  a  prsvlouB  report  (1)  it  was  shown. that  cyanide  is  a  good  radio* 
protective  agent  If  given  Inmediately  prior  to  700  r  of  whole  body  x*irradi- 
atioho  However j,  the  protective  effect  is  no  longer  apparent  after  about  ten 
lairutes  although  some  residual  effect  Is  obtained  when  tlw  cyanide  is  in¬ 
jected  30  minutes  before  the  radiation  nposure  as  indicated  by  an  increase 
in  the  median  survival  time  of  the  treated  nice..  In  the  present  studies  an 
at'  empt  has  been  made  to  show  that  the  protective  effect  Increases  with  In* 
cr^^aslng  doses  of  cyanide  but  unfortunately  the  dose  of  radiation  given  was 
no  high  enough  to  clearly  danonstrate  this  dose-effect  relationship  and 
ad  ..Itlonal  studies  will  be  required^ 

It  has  been  suggested  by  soao  authors  that  the  Protection  shown  by 
cy  nids  is  due  to  the  anoxia  which  is  produced  at  the  cellular  levelo  If 
th  a  were  the  neohanism  of  protection,  then  it  should  not  be  possible  te 
de  onstrate  a  greater  dose  reduction  factor  with  cyanide  than  is  obtained 
by  anoxia  alonso  E^qperlnents  are  now  In  progress  in  this  laboratory  te  oom* 
pa  e  the  EBP  values  for  cyanide  and  anoxia^  Recently,  Van  der  Keer  ($)  has 
su  gested  that  the  mechanism  of  cyanide  protection  la  due  to  anoxle  Imnedi* 
at  ly  after  the  radiation  period  and  that  the  preaanee  of  cyanide  during  ir* 
ra  iatlon  actually  slightly  sensitisee  cultured  calls  tvS  radlatlon»  These 
CO  elusions  are  of  particular  Interas'*:  In  view  of  the  findings  in  the  present 
et  dies 9  and  it  is  planned  to  carry  out  an  investigation  of  the  effects  of 
an  xia  after  radiation  exposure > 

Comparative  otudles  have  been  made  with  two  cyanohydrins  in  an  of* 
fo  t  to  find  some  canp<nind  within  this  general  class  which  exhibits  both  a 
go  d  protective  effect  end  a  longer  duration  of  aetlonc.  It  would  seem  that 
th  se  properties  are  dependent  upon  the  ease  with  which  nitriles  rslsase 
bh  Ir  cyanide  radical,  and  It  le  of  Interest  that  pentanone  qranohydrln  ap* 
pe  red  to  require  more  time  between  Injection  and  maxlnoa  protcetlva  effei'tt 
bh  a  either  cyanide  or  acetone  cyanohydrin...  The  dose  of  pentanone  eyano° 
tiy  rln  used  in  this  study  was  considerably  below  its  toxic  dose,  and  it  is 
pi  nned  to  repeat  the  study  at  higher  dose  levels-. 

That  the  release  of  cyanide  ie  essential  for  radioprotective  activity 
id  suggested  by  comparing  the  protective  compounds  tested  in  this  laboratory 
fo  protection  (6)  with  their  toxicity^  Williams  (7}  has  suggested,  with  strong 
?u  porting  evidence,  that  the  mechanism  of  toxicity  of  the  nitriles  and  cyans* 

*'y  rins  le  doe  to  one  of  the  following  type  rnectionst 

♦  R-CH2’0H  — SCH“  ♦  R-CHO  “—^R  'COOH 

R  CH0H»CN  — CK"  ♦  RoCHO  - ♦  R<'C00H 

R'CH2'’C0!IH2  R-CH20COOH  ♦  NH3 

RoCHg'CHg  NH2  — R'CH2’C00H  ♦  NH3 
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Of  th«s«  rMiotioiui  th«  first  two  t.rs  of  primary  Intarsst  bars  bsosuss  thsy 
bars  (qnsnlois  as  on  ona<-pro4hiet  of  tha  raaetlon.  Also  thara  la  abondant 
arl.^anea  that  thaaa  two  raaotlona  taka  plaoa  In  tI^*  Typa  reaction  Noo  U 
might  possibly  ba  of  soma  Intarest  In  oonnaetlcm  wii'h  radioprotaotlon  ty 
▼Irtua  of  tha  fact  that  it  Involsaa  Bonoamina  oxldaaa  and  this  anzyna  could 
play  aona  rols  In  tha  protsotion  diown  with  sosta  of  tha  nauro-hunoral  agents, 
Howarar,  this  raaotion  is  only  postulated  and  has  not  bean  damonstrated  in 
rise « 


In  a  prarloos  report  (1)  a  oorralatlon  was  daeoribad  between  the 
radioraaistancs  of  oartain  spaeias  of  an— isle  and  the  activity  of  the'  trans- 
aulfursaa  anayna  within  aaeh  Bsabar  of  the  apaclesn  Since  this  ansyns  la 
involved  in  tha  datoxlfioation  of  tyanidOf  it  was  consldarad  of  intarest  to 
invaetigHta  tha  activity  of  this  anzyna  in  relation  to  its  raeponae  te  Ir* 
radiatlonn  Sinoa  most  in  vitro  preparations  are  rather  resistant  to  radi ^ 
ation,  tha  dsnonatratim  iri  't!ha  present  study  that  this  enzyme  is  fairly 
radlosanaltive  is  of  oonaidarabla  Interest.. 

Hiaarioh  and  Saunders  (6)  have  studied  this  ansyna  in  some  dat<'ill  and 
found  that  it  is  widely  distributed  in  tha  tissues.  They  have  estimatLd  that 
in  one  dog  liver  there  is  enough  enzyne  te  detoxify  liyOlS  grans  of  cyanide  in 
15>  mlnates,  and  snough  in  the  eksletal  muscle  to  detoxify  another  1,763  grenso 
In  tha  process  of  detoxification  of  cyanide  this  anzyns  needs  an  adaquats 
source  of  sulfur  and  this  is  prebably  the  rata^limiting  factor  ir.  vivo.,  This 
nobllisstlon  of  sulfur  substrata  aay  play  an  laiportant  role  in  iha  protective 
mechanism  shown  with  oymnids.  Sorbb  (9)  has  provided  evidsnee  for  the  dl" 
stilfids  bridge  as  tha  aotiva  site  of  the  anzyna  and  recently  Oreec  and  Wnstley 
(10)  have  daeoribad  a  doubla  displaoamant  reaction  involving  eyaiiida  and  this 
ar>zyma  as  follows  i 
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It  ssesis  likely  that  the  dsprassad  sotivlty  observed  whan  the  enzyme  reaction 
was  undergoing  irradiation  in  the  present  studies  vas  due  to  tha  sliaration  of 
tha  disulfide  bridge..  Irradliition  of  tha  enzyme  prior  to  reacting  it  with 
cyanide  may  In  some  way  result  in  a  lowering  of  the  setWation  energy  of  thla 
disulfide  bridge o 

The  demonstration  of  an  apparent  competitive  Inhibition  between  cyanide 
and  r-.distion  in  tha  present  studies  with  the  transsulfurase  syatem  la  of  par- 
tioular  interest  because  of  the  ability  of  tha  cyanide-cystine  reaction  mixture 
to  reduce  radiation  lathalit}  in  mica  when  given  after  the  x-ray  exposure.,  al.- 
though  it  la  tempting  to  apsoulata  that  these  findings  are  relate,!  and  that  the 
post^lrrsdiation  proteotlva  affeot  of  tha  thlazolldina  derivative  Is  due  to  Mi* 
reversal  of  a  radiatlxm^ inhibited  system,  thia  explanation  would  not  b*  oon^ 
sistant  with  the  finding  that  the  protective  effect  is  not  present  when  the 
agent  is  given  Inaediately  after  the  x-ray  exposure  rather  than  at  3C  minutes 
after  rs'Hatlon..  Additional  studies  are  needed  In  order  to  determin*  whether 
tha  30-miiiute  delay  between  radiation  and  the  administration  of  the  thlasolldtns 
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(terlTatlY*  If  hl^y  erltioal  and  thaf*  studies  ere  now  In  progresfo  If 
the  delay  period  is  eharply  resiriotive  than  the  possibility  ttet  the  pro- 
te  ;tlve  effect  is  due  to  a  reduced  synthesis  of  soae  toxic  substenee  or  the 
blocking  of  the  production  of  som  injurious,  agent  (the  so-called  lethal 
syithasis)  aiost  be  considered'. 

The  finding  that  the  post-irradiation  atiainistration  of  the  cyanide- 
cystine  x^otion  edxture  decreases  radiation  lethality  in  mice  is  also  of 
particular  interest  in  explaining  sobs  of  our  previous  findings  (l)o  Al» 
though  the  max leal  radiation  protective  effect  of  cyanide  was  obtained  in 
our  previous  etudiee  when  the  agent  was  ^ven  imnediately  prior  to  the  radi¬ 
ation  exposure,  there  was  an  indication  (inoreased  median  survival  tine)  of 
a  radioprotective  effect  when  the  cyanide  was  given  at  30  minutes  prior  to 
the  radiation  dose.-.  This  effect  was  also  fairly  critically  related  to  the 
time  of  adeinistration,  since  it  was  not  detected  when  the  cyanide  was  given 
at  20  minutes  or  at  ItO  minutes  prior  to  the  z-ray  exposure.  If  tlie  nechanisip 
of  this  effect  of  cyanide  is  related  to  the  post-irradiation  protective  effect 
of  the  oyanlde-oystine  reaction  mixture,  then  it  would  seen  to  be  unlikely 
thft  this  mechanism  Involves  a  stimulation  of  the  existing  bone  narrow  stem 
ce^-le  to  produea  an  earlier  repopulation  of  the  hematopoietic  system  in  the 
Irradiated  animal.  Compounds  idiieh  contain  sulfhydryl  groups  often  have  a 
und^iue  ability  to  promote  wound  healing,  and  it  la  poaeible  that  the  cyanide 
ac<4i  In  Bone  manner  to  stimulate  the  heeling  and  repair  mechanloms  in  ttte 
irradiated  animal  and  that  the  thlasolidlne  derivative  exerte  a  similar 
fuiietion  when  given  after  the  radiation  exposure  However,  this  ssedianisn 
also  fails  to  provide  a  reasonable  explanation  for  the  apparent  dependence 
of  the  protective  effect  on  the  time  of  adminietration  of  the  agents..  If 
eymide  acts  by  esusing  anoxia  durins  the  ImBodiate  post-irradiation  period 
as  suggested  by  Van  der  Moer  et  alu  (^),  it  is  difficult  to  understand  how 
it  ooTild  exart  a  protective  effect'  when  it  is  given  30  mixmtee  prior  to  the 
rac'iation  exposure  and  not  when  given  at  either  20  or  U>  minutee  before  the 
raclatlon.  Since  high  pressure  oxygen  during  the  x-ray  exposure  reduces  the 
radioprotective  effect  of  cyanide  given  immediately  prior  to  the  x-ray  cx- 
poEure  (i),  it  la  of  interest  to  determine  whether  this  treatment  also  re¬ 
duces  the  protective  effect  of  cyanide  given  30  minutee  prior  to  the  x-ray 
exposure  and  these  etudiee  and  other  studies  designed  to  clarify  the  mebha- 
niem  of  the  proteotive  effect  of  both  cyanide  and  the  thlaaolidine  derivative 
ha\«  been  initiatedo 


Sunaary 


1-.  The  pre-irradiation  administration  of  potassium  (^anldeat  dosage  levels 
equivalent  to  2,2$  m^Bo/k^n,  of  HON  increase  the  L^q  neute  whole  body 
x-ray  exposure  from  about  ^  r  to  over  900  r  in  fanale  mlcso 

?.r  Tha  ability  of  various  cyanide  producing  nitriles  to  protect  mice  against 
lethal  doses  of  whole  body  x-irradiatlon  appears  to  d^and  on  the  ease 
with  which  they  release  free  cyanide.. 


3.,  The  in  vitro  activity  of  rat  liver  transwilfuraee  le  inhibited  when  the 
enzyme  la  exposed  to  x-ray  doaee  of  800  r.  1,000  r  or  1,200  r  in  the 
preeence  of  a  eubetrate  and  oyanlde,  wherona  radiation  of  the  enzyme 
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•Iona  or  In  oombinntlm  with  the  eubstrate  only  reavilta  In  enhancement 
of  Ita  aotivltyj 

It-  k  minor  metabolite  of  cyanide,  2  imlno^  thlaeolldln0"^U>cerboxylic  acid, 
has  been  prepared  by  reacting  cyanide  and  cystine  and  found  bo  be  capu 
ble  of  reducing  radiation  lethality  in  CI^  fesiale  mice  when  given  at  30 
minutes  following  whole  body  x-ray  exposvires  In  the  range  of  550  r  throug;a 
700  r. 
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PHARHACaLOaiP.AL  AND  TOnCOIOGICAL  CCtlPOOHDS  AS  HIOTECTIVE  CR  THERAPETOC 
AGENTS  AGAEIST  RADIATICW  INJURY  IN  I^XFERBIENTAL  ANIMALS 

nit  RacHoptrotaotlTe  Effoota  In  lYotop-I-^Tadiated  Mlco  Pratrcated 

^Kemiotl  firoieo^xirB  *  "" 

Do  Go  Oldflold,.  Jo  Do\j11,  Vo  ELssal:.,  Ao  Hiiaegawa  and 
Ao  Sandboxt^' 


Thla  report  ooQoerHee  Radiopc'fftootivfj  effect  a  in  iilco  total-body 
liTadiatcd  by  high  energj'’  T^iiO  Mora)  pi’ctor.s  f  o!?J.owiijg  pre  -iaTadl&tion  tcroat- 
nant  S-noroapboethylamlno  hydrocW-tn’id®  (MEA)  and  with  p -•omlncpi'opia- 
phenone  (PAP?),  and  a  c<icpacricoR  with  slnilar  effect; >  in  nlc«  irraole.tad  by 
250  Kv  x-rayuo 

Inmadiabe  or  viltiaate  application  oi  the  rer.iiltat  Tlds  inveotlsation 
hae  releTance  to  at'  least  iKrac  oicnificsait  radTaprotecticn  problcriB,;  Thes® 
are,  firsts  the  wrtent  to  which  r  Eelected  agant  can  aodify  the  rorpooss  of 
a  biological  ayatara  to  one  rarticular  typo  el*  I'adiation— apooificsQ.!^,  high 
energy  protonai  eacond*  the  relative  0ffsotiv;;\W!S8  cf  two  different  types  of 
radioprotective  agents  in  aodifyinf;  the  rospo.iae  of  a  biological  system  to 
this  type  of  radiation):  snd  third,  the  rclati  "i  cffeotivenoes  of  ore  type  of 
r'adioprotect5.vo  an;*nt  compared  In  <«yst,rm5  ©xp-./'^ed  to  tjeo  di-fferont  typas  of 
radiations- prottini?  and  x-rayc.  Intan-cl.-ted  problsna  of  this  type  are  uoual- 
ly  boat  attacked  nfdng  a  oaenreheneive  expori;  jont  Bpeclfically  designsd  fott’ 
the  p'orpoae..  This  report  presocta  3ol>rfciont?  of  Bcwe  of  tha  nothodclogioal. 

Old  technical  prohiemo  arising  in  the  doslgii  i.od  oxecutlon  of  anch  *\r,  axpoj.d'- 
ment  '.diich  a’uonlc!  le  uaof)jl  for  fiitwo  ln\^Bt',.!:'Htlonfl  in  tills  labca  atcrry  or 
cleowhero:.  Specirs.ofclly,  iaetho»i8  of  proton  atid  x-ray  dosimotry  uslnK.:  a 
Victoroeri  cavity  ictniaatlon  charaOBr  tro  presB^ited  ..  Alee,  certain  f.ajieots  of 
the  problex  of  analysing  radioprotfctlon  data  ?n  popnlationu  of  trtntsd  animals 
are  diacxiBBcdi  Spoclfically,  the  onai;jx'in  indicates  that  is*o-irradiaticn 
treataonts  with  KiA  and  with  PA?P  are  nbln  to  ■.•educe  3G-day  lethality  la  snloe 
oaqpoiiod  to  high  onorgy  -ru’otciip 


t  <■  ■  .r  r.-  ■» 

lalatlvoiy  pfrl-iobod  v'a'  h  5.n  an/  ph&ac  o.f  proton  radiobiology 

ejdiBts-j  Tobias,,  tagei’  ard  le  A’i*-;>r;oc-  (1)  nf:a/;ir.'’X;  tho  doae  o."  31>  Ker  protons 
produoitig  pQ!  lotiiality  at  3‘J  days  in  rhole-b.vdj'-  Irradintod  ati’-aic  A  mice- 
They  obt^aod  a  valna  of  621  >  'ids  Mnai  i.n  HBE  of  approxiiaatoly  1.>1  coBiparad 
wd-th  180  Xv  x-rayso  Uart.ji3r»'  arid  O’dfinl.d  (2)  detennined  tlio  effcotlvonosc  of 
90  Ivov  protouQ  rolativo  to  2^0  Kv  x-tav"  in  p  ■iduci.ag  weiglit  loss  in  bho  splcon 
rnc?  thynnn  of  wholo^bciy  I-iyx  r'lce  Aorur.ilng  an  oscponcv-tl al  re-- 

r.T6BolcK  of  5l“<iay  rccjiduii).  or  do- prfftoas  wore  foviTK'.  to  bo  racoro 

effootivo  than  x-r?Aye  bjr  a  .!”ctor  of  abcat  Z  .  Kiirlyandskya  and  ocnorkerB  (3) 
recently  reported  «Ji  for  w>ilto  male  ni'.oe  Irrudlated  with  660  Mow  protOTB 


of  abofob  10^0  radso  The  REE  relative  to  180  Kv  x^rso-s  woe  reported  to  be 
about  0o[>5e  These  vortcers  also  reported  that  various  meroapto  conu^ounds 
Inereaced  the  nuaiber  of  survlvorso 

SoBW  studies  of  localised  ivotoa  irradiation  of  naamals  have  been 
iaado>  the  intent  being  to  aaleotivoiy  destroy  colls  only  in  certain  Unlived 
regions  of  tbs  body  (u-ll)«  larssoD  and  Kihlnan  (12)  investigated  the  pro- 
doBtion  of  ohroMsene  aberrations  in  the  plants  AlUyn  and  Viola »  finding  a 
relative  effectiveness  of  0«7  for  170  (bv  protons  relative  to  180  Kv  x-rays* 
QLdfi^  (13)  investigated  the  effeetiveneBS  of  low-energy  protons  relative 
to  oobalti^  gaam  rigre  for  the  production  of  tmorleldal  affects  on  an 
Ehrlich  asoltes  oarolnoBa  irradiated  In  '^tgo  end  then  grown  intraperlto- 
neally  in  CP^  nloe*  This  sensitive  astkoid  (14)  yielded  an  RBE  of  unity* 
Although  a  detaiJLed  literature  search  has  not  been  nado>  it  would  appear 
that  the  nuBber  of  published  werks  In  the  field  uf  radioprotection  against 
high-onergy  proton  radiation  is  rather  snallo 

Harsical  aaterl^s  and  aothodat  footon  be^  geowslyy  and  proper- 
Um*  Tke  aouroo  of  high  energy  protons  used  in'  this  experis^nt  was  the' 
teZveraity  of  Chicago  synchrocyclotron*  As  shown  in  Figure  Ij  tho  nagnetl- 
oally  axtraoted  proton  beam  emerges  front  tho  vacuum  tank  of  the  oynchrooyclo- 
tron^  passes  through  a  strong-focus  magnet  and  alvaninm  vacuum  pipe>  and 
enters  the  irradiation  room*  In  tho  irradiation  roam^  the  beam  passes  through 
air  until  striking  tho  irradiation  apparatus  and  monitoring  ionization  chamber  * 
Beyond  the  chaiUbary  the  boom  Is  absorbed  in  concrete  at  tho  base  of  a  blind 
ooUinator  (•’oatohar'Oo 

The  proton  beam  produced  by  tlie  oynchrocyclotron  is  pulsed^  having  a 
duration  of  UOO  nioroseoonds  per  pulse  and  a  ropotitlon  rate  of  JO  pulses  par 
asoond*  Extraction  of  tho  beam  ccemsances  when  an  enargy  of  liltO  -  $  Veet  is 
reached*  Tbs  trajectory  of  protons  having  this  energy  vras  chocked  by  float-' 
Ing  wire  laeasurenents  carried  out  just  prior  to  the  present  series  of  runs* 

The  ctroQg-foous  magnet  consists  of  one  2li-inoh  center  section  and  two  12 "inch 
end  sections^  Separation  betwsen  seotions  is  12  inches*  Each  ssotion  is  a 
hyporboUo  quadrupole  lens}  the  vertex-'to-vortex  distance  of  pbles  lying  on 
opposlto  sides  of  tho  lens  axis  is  k  inches*  The  main  focusing  current  to 
the  strong-ff'cus  magnet  is  supplied  by  a  servo-regulated  power  supply*  The 
three  seotions  of  ths  magv-iet  are  esrios  oonneoted  with  the  supply*  In  ad- 
ditioDy  variable  external  resistors  shunt  oach  section ,  allowing  the  focusing 
strength  of  the  center  section  to  bo  changed  relative  to  tho  end  sections* 

The  current  in  tho  oooter  sections  aiid  that  in  the  end  seotienSf  was  monitored 
potontlonetrioally  from  the  voltage  drop??  produced  across  a  calibrated  manganin 
resistor  boforo  and  during  oach  biological,  run.. 

The  irradiation  room  is  cep^iratcd  from  the  synchrocyclotron  by  a  eon- 
crete,  earth«  and  steel  shield  into  ?Moh  the  vacuiia  pipe  extends.  Two  pairs 
of  lliriting  aportures  exist  along  the  length  of  tho  vacuum  pipe.  These  oon- 
slat  of  the  entrance  and  exit  pole  tips  cf  magnets  not  used  in  the  presoat 
perlmsnta  Taken  together,  these  aporturos  constitute  a  tapered  collimator, 

150  inches  long  and  rou^ly  3  inches  by  3  inches  at  the  input  end  and  h  inches 
by  h  Inchec  at  the  output  end* 
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Figaro  1-,  Eiagrara  of  exposure  and  mcnitoring  positions 
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In  passlnc  from  tbo  Taoum  tank  to  the  Irradiation  apparatus;,  the 
proton  boan  passes  through  0«06  taylsct  oon^irislng  yacuun  pipo 

vlndoirs  and  through  le3h  gn./cno^  of  air«  nost  of  the  latter  in  the  irradi¬ 
ation  rocB«  For  protons  of  uhO  Hev»  these  extraneous  absorbers  produce  al¬ 
most  negligible  energsr  lossy  but  statistical  fluctuations  in  energy  loss  will 
result  in  acne  additional  spreod  of  proton  onerglee  initially  present  in  the 
beaxo  Scattering  frcn  collimator  edgeoy  vacuum  pipingy  etCo  will  also  intro¬ 
duce  low  energy  protone  into  the  beano  Howwery  the  total  energy  spread 
present  at  the  ixTadlatlon  aposratns  is  not  expected  to  exceed  $%o  In  ed- 
ditlon  to  energy  dispersion ,  interactions  of  protons  with  taylar,  air.n  and 
other  materials  in  the  beam  path  results  in  neutron  produotlon  by  chcrge^ 
exchange  and  other  nuclear  reactions.  Since  neutron  contamination  of  the 
proton  beam  would  be  expeoted  to  produce  a  rather  dlffuau  and  poorly  defined 
beamy  the  relatively  oharp  foU-off  at  the  edge  of  the  beam  seen  usir;g  photo^ 
rrranhlo  film  indicates  a  low  degree  of  oontoalnation. 

The  in'adlatlon  apparatus  oonslated  of  a  6-1/2  x  8-l/ii  x  l/h  inch 
thick  Incite  plate  attached  to  an  alumlntsa. frame  which  during  irradiation 
moved  and  down  in  a  piano  perpendicular  to  the  beam  axle.  The  frame  is 
driven  tlirou^  a  oraak-and-Hnk  aochanism  by  a  notoTy  the  frame  maklcg  cxie 
ooopleto  oecUlatlon  eaoh  six  seconds.  The  excursion  of  the  frame  during 
osclUatian  is  2-1/2  Inch  each  side  of  the  mid-position.  l^Iice  to  be  irradi¬ 
ated  were  placed  in  vented  celluloid  centrifuge  tubes  (l-l/S^*  O.D.  x  3-7/6" 
long)  and  oaeh  of  tho  latter  sec\ured  to  the  up-beam  surface  of  the  Itiolta 
plate  by  a  pair  of  thin  rubber  bands. 

Focusing  the  proton  beam  on  ths  li’i*adiation  apparatus  using  tho  strong- 
focus  magnet  gave  a  beam  roughly  rcctangulai*  in  shape  (vortical  height  of  U 
inches  and  a  lateral  width  of  9  Inolios).  By  having  tho  lucito  plate  move  up 
and  down  across  the  axis  of  tho  fixed  beany  the  dose  rate  vros  reduced  to  a  more 
suitable  valuoy  the  vertical  uniforiidty  of  the  bean  over  tho  surface  of  the 
Incite  plate  was  inproved,  and  the  field  slae  was  increased  by  about  5  inohss 
in  the  vortical  direction.,  Initial  CGtinatcs  of  beam  size,  ohapoy  uniforra3.tyy 
etc,  were  made  using  photographic  film  (DuPonty  Type  1290). 

Downboaa  of  the  irradlatioa  epuoratus  an  argon-filled  (k  pounds  per 
square  Inch,  gauge)  transrd.e8ion  ionization  chamber  with  alminum  ifindows  and 
electrodes  vii'^l/2  inch  diaiactcr)  mcnitored  a  portion  of  tho  bsam  paeshag 
through  tho  lucito  plate.,  Tho  char.bar  was  polairlzed  to  150  v/cii.  and  collected 
electrons..  Coupled  to  the  chamber  was  a  vibrating  reed  oleotoctaetar  (Applied 
Physios  CcorporatloQ)  irlth  capacitor  5.nput;  the  output  of  the  eleotroneter  was 
fed  to  "n  extended-rango  recorder.,  Thue,  tho  charge  produced  in  tho  ohaniber 
during  irradiation  wae  collected  continuously  and  cumolatively  during  each 
irradiaticn  run.  The  voltago  ccrrcapoidlng  to  the  total  charge  collected  at 
any  time  was  displayed  xc  tho  recorder,  peiisittijjg,  after  oalibratioo  of  the 
monitotring  apparatUBp  tho  aocurato  dolivery  of  any  deeii.'ed  dose.  The  cali¬ 
bration  of  the  beam  monitoring  apparatus  is  deeorlbad  in  tho  next  section, 

Tho  "catcher"  absorbs  tho  beam  after  It  lias  passod  through  ths  irx’adi- 
atlng  and  monltocring  apporatue.  Tho  catcher  also  reduces  the  diffusion  of 
theonaol  xteufcrone  Oirodnced  when  tho  proton  bear  in  ab^oi'bed).  iback  towards  the 
irradiation  and  monitoring  apparatus. 
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Rpotoo  4oalaetry  yid  nonitcr  o^teatlcoo  Heasurdoent  of  absorbed 
prot/on  dose  was  Voisi^  on  iusa  a  Vlcboraen  cavitj-lcnizatioa  chamber 

and  associated  ohareer  as  a  oharge^^seasuring  rather  than  a  rcentgon-^oeaaurlng 
dsvloe;  and  (2)  the  use  of  the  knoun  exposure  dose  z  ate  pa^oducod  by  a  Co>^ 
soQikie  to  oallbrate  this  oharge-aeasurlng  devioon  The  quantitative  b^sis  of 
the  neosurenente  is  as  foUowss 

Let 

“  kuown  equilibrium  exposure  dooo  rote  in  air 
produced  by  the  geisaaa  soureOa 

“  goooetrlc  voluae  of  the  clsambor  oavltjr. 

»  density  of  air  in  the  volumo  V  when  tho  gamu 
KQaBuroment  is  viado^ 

^  ezposuz'e  tima  for  ganrae  liradiation  of  the 
oavi.t7, 

Froo  the  definition  of  the  rcantgon,  we  ha-ro  tho  fuctoi- 

1  otatooulombo/gnj  jilz’/roontgon 

Ka“  7301553 

r 

T2ien  If  tho  Vlctorecn  is  placed  in  the  field  T-K"  ot  the  gfjoBa  scuroe  for  a 
tino  ty*  the  total  charge  Qy  produced  wador  conditions  of  eloctroaio  fjquili- 
brium  is  ** 


Ry  roonts/Wn 


gn/eaa^ 


■in 


Qy  coul.ombs  =  Kq%PyVRyty 

vhevc  «*  l/(2c9980  x  lO')  co'.iloirfbo  per  stai  cicnj-onb.-,  7f  tho  Victoroon 
chareor  moasureo  charge  in  scale  units  S,  aiid  if  thti  charger  rospease  is 
linefr,  tlien  S  •  loQ,  where  k  ia  a  ccnotnnt  o?  proportionalityo  Thereforej 
fren  tho  gsntia  irradiation  wo  :?i,nd 


_ 

tho  only  unknown  qv-antlty  being  the  cavity  volucae  V* 

Conaider  now  a  tube  of  unit  doneity  matsrieil,  oasumed  to  be  wator5 
placed  in  a  unlfoni  been  of  high  energy  protovie.  kcBwm  that  tho  oxlo  ' 
of  the  tobe  is  perpendicular  to  the  beam  oxiSp  and  that  the  dinKeter  of  the 
tube  is  much  smaller  than  tho  raogo  of  the  protons.  The  dose  produo od  5u  tho 
water  will  bo  predominantly  th'it  due  to  on'jrgy  loss  by  iociactloa  and,  Biu!io 
proton  scattering  at  these  enea'gios  is  not  largo,  vd.ll  bo  epproxijRately  uai- 
fena  oiror  the  tube*  If  a  small,  voliaso  of  water  in  the  tuba  is  raplacoct  by 
the  saiao  voluae  of  air,  the  done  produced  in  the  watsr.  Dp,  is  related  to  the 
doao  new  produced  in  air,  Dp*,  by  Dp  »  aDp*,  where  s  is  the  rolativo  at.cpping 
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power  of  water  to  air  for  protona  of  opeolfled  eaergy.  If  the  air-flUed 
cavity  of  the  sane  Vlotoreea  ohaabar  used  above  is  introduced  into  the  tube 
of  water  and  irradiated  until  the  ncanltorlng  apparatus  has  acounulated  H 
units  of  voltaga«  the  total  charge  Qp  eoulombs  produced  in  the  air  in  the 
oaviV  ie  related  to  the  abaorbod  duo  by 


Op  rada  ■ 


(for  H  units  of  mdnitor 
voltage) 


where 


gm 


./cap 


Kr 


o  density  of  air  in  vduae  V  during  proton  Irradiation. 

*•  electron  volts  (ov)  etxpended  per  ion  p.tlr  (ip)  produced 
“  33  o3  ov/ip  fcr  3h0  Hev  protons  in  air  (15). 

•19 

“  1.6020  X  10  coulorib/ip» 

•  1«6020  X  10*“^^  erg/atr* 

^  100  ergs/grata/i'tui* 


The  basic  assimptlon  nade  la  that  the  introduotlon  of  a'  short  length  of  the 
Vlctcroen  Into  the  proton  radiation  field  alters  the  spectrum  of  Incident 
protons  only  negligibly^  and  that  the  me-’cal  shell  of  the  Vlotcresn  dees  not 
contribute  appreciably  to  the  speotruu  of  secondary  elootrons.  For  high 
energy  protons  these  assumptions  &ro  plausible.^ 


If  the  obarge  Q-  produoeo  in  the  oharger  a  deflection  of  8-  scale 
units,  then  Q-  «  Sp^.  ^Substituting  this  oxi^rjsslon  together  with^tko  value 
of  k  found  previous^  into  the  exprcaaion  for  Dp,  the  cavity  volume  V  oancels, 
end'^ua  obtain  the  calibration  footer. 


rads 

^  ioonltar  udit 


^  i  2  !is5a%  (“*■ 

TT  “  ”  T  5 


Tlv)  value  of  the  relativo  stopping  power  s  was  obtained  froa  the  in¬ 
dividual  stopping  powsrs  given  In  rango-unergy  tables  (16),  and  found  to  be 
1.133.  Air  density  was  calcTjlated  on  the  assuxBptioo  of  dry  ai.r  in  the  Vlotoreen 
chamber  cavity.  In  this  case  tbo  ratio  of  air  densities  Tp  can  be  re«> 
placed  by  Pjf  where  P  is  the  pressure  and  T  is  the  sboolute  toapor&- 

tura.  Insorti^  numerical  values,  tie  find. 

Sp  Tp  Rjfty  Py 

F  ■  0.81i6  -fr~  "T^  ®  - Tv” 

P  9  0 

The  gma  source  used  in  the  calibration  was  the  Argonne  Cancer  Re¬ 
search  Hospital  Revolving  Cobalt-60  Therapy  Unit  (17).  The  exposure  doso  rote 
R^  at  the  oonter  of  rotation  at  time  of  collbraticQ  (November  31«  1962}  was 


It6«6  rAilnuta/>  A  2S0  r  Vletoreen  ohanbor  with  equilibrium  luclta  oep  wae 
used  with  •  Model  70  Vletoreen  charger  In  a  10  on»  x  10  csbo  radiation  field. 

The  Vlotoreen  ohanher  and  oharger  oalltarated  nltli  the  gamma  eouroe 
uere  uaed  to  meaaore  doaes  at  the  oenter  of  each  of  ten  of  the  twalTe  tvbe 
posltlona  on  the  face  of  the  luelte  Irradiation  plate*  as  ahoim  ia:.rFlgure  2, 
HsasureBMaita  were  not  made  at  poaltlons  9  and  10  due  to  the  likelihood  of 
etam  leakage  In  the  Vlotoreen  at  these  poelttons.  For  tlie  upper  posltlona* 
measuranente  wre  made  with  the  Vlotoreen  ohomber  tip  at  the  oenter  of  both 
alsvfilled  and  vateovfUled  tubes.  Ih'lor  to  Isaeraion  lii  water*  the  tip  of 
the  ohambor  was  oorored  h/  e  thin*  rjbber  finger  oot*  stretched  tightly  and 
taped  to  the  metal  shell  of  the  chamber  to  prevont  water  leakage  Into  the 
ohanber.  For  the  lower  posltlona*  only  neasuremonbe  with  air  in  the  tubea 
were  foaelblA]  these  val^  wore  oorrooted  to  water  waluos  using  the  water/ 
air  ratios  obtained  fem  measureBtents  In  the  upper  pooltiione.  The  values  cf 
F  obtained  are  alao  shown  in  Figure  2.  Slnco  the  variation  in  doae  was  fotauS 
to  bo  least  between  tqpper  and  lower  levels  at  earresponding  lateral  poBitlone* 
and  since  the  variation  decreased  toward  the  center  of  the  beam*  position  9 
was  assumed  to  have  the  same  F  vbImo  as  position  35  and  position  10*  tbs  same 
value  as  positloa  U.  Positions  $*  6*  and  12  were  regarded  as  haring  values 
too  divergent  fTora  the  others  and  were  not  used.  The  regaining  nine  posltlanB 
were  grouped  into  three  sets  of  three  poaltloQe  each.  Mean  valuea  of  F*  tho 
per  cent  standard  deviation  of  tho  moan  (T*  *  end  -oha  par  oent  etanciard  devi¬ 
ation  of  In^vidual  F  values  from  tho  mean  (p  2,  shown  in  Table  1.  It  oan 

be  soon  tha^  using~'the  moan  F  for  tho  separate'^sets  would  result  In  a  rela¬ 
tively  lorgo  dispersion  for  tho  last  set  (lO.lj^).  Therefore*  the  moan  value 
of  F  for  all  oosltions  were  used^ 


TADIfi  1 

OVERALL  AND  GROUP  CAnBRATTCN  FACTORS  FOR 
HtOTf  KXFOSIHS  POSIllOMS 


Positions 

1 - 1 

1  1 

1  F  1 

<r 

(Ti 

All 

1  .  ..  , 

6.32 

1  « 

2*2^  \ 

6,7X 

laU99 

6.31  1 

3*1^  1 

$,9i 

2,7,10 

6.1i2  I 

3.141$  i 

$.9i 

3a8aU 

6.23  1 

6.0!$  1 

1 

1  io.tx 

i 

X-ray  beam  gecpstry  and  dosimetry .  Spooiflcatlons  oS  the  »*ray  beam 
were  as  follwst 


Qenarator*  Qeueral  Eleotrlc  Maximar  Type  III5 
Energy*  250  Kvpi 
Tuba  current*  15  dui} 

Extoraal  filter*  l/h  mm.  ooppar  plus  1  nan,  aluminun; 
FSD,  79  on* I 


C  “  Control  water  M  "  HEA 

Cq  •  Control  propylene  glyool  P  ■  PAPP 


Plfure  2„  Luolto  irradiation  plate  for  proton  irradiation  exposures 
ahoving  positions  of  nouse  tubes  and  dose  distribution. 


Daekscatter  matos^lal^  luoltaj 
External  oollliaator»  none} 

Beam  diaaotar5  aptff’osdmat^  30  exso  .. 

The  bean  vaa  direoted  vartlealSjr  douxi  with  normal  to  thio  baoksoattor 
8urfaoe«  A  1000-r  Vlotoreen  ohacibar  placed'  23*5  cm,  from  target  and  off- 
axle  together  with  remote  aapUfior  and  meter  vere  need  to  monitor  tho  dose 
rate  during  all  rwe*  Tube  ourrent  vaa  manually  adjuated  to  nudntaln  the 
doae  rate  conatont  to  be  about  3^»  Ttbe  Toltago  vao  monitarod  at  the  high- 
voltage  tranefonwr  primary*  Voltage  vao  maintained  constant  to  about 


A  1-inch  thick  by  13-lnoh  dlcmetor  luelto  dlQ0>  oonterod  on  the  geo- 
netrlo  beam  axLe^  rotated  at  about  1  rpm  during  irradlatlone  Tho  disc  vaa 
eoallv^pB^  <3ut  along  16  equally  spaced  radii  to  accoemiodato  16  tubes  contain¬ 
ing  nice  to  be  irradiated*  Tho  centora  of  the  tuber  foil  on  a  oirolo  of  22 
cm*  diameter f  concontrlo  with  tho  disc.  An  Insulated  box  Z  feet  square  and 
1  foot  deep  cantered  on  the  disc  and  having  an  Open  top  maintained  a  constant 
temperaturo  of  27°  C*  at  the  diso  eurfooo* 


The  methodology  of  tho  x-ray  doaimotiy  la  very  sliuilsr  to  that  for 
tho  protons.  Using  tho  same  notation  as  before,  but  with  tho  sutscript  "ae’ 
denoting  x-'rays,  we  have 


L  JESe.S^ 

Bin 


a 


0 


0 


ie  Bieasurcd  wl'di  tho  same  cavity  chs^irb^  and  cherger  uted  pror/lausly.  Tho 
cnaid)er  tip  is  fixod  at  the  oonter  of  a  tviho  fitted  with  unit  density  material, 
assunod  to  bo  water*  Tho  tubo  plus  cl'toiobar  ore  placed  in  one  of  the  16  po¬ 
sitions  cn  tl!0  Incite  dloo  snd  rotated  during  irradiation*  The  average  ab¬ 
sorbed  dose  i-ate  is  thon  glv«’  by  Vy  (rid/iolp,)  “  f  fl-x  wluiro  f  is  a  roontf.en- 
to-rad  caivaoslca  factor  aToraf;od  cvgi.»  the  energy  encctnc.!  of  x-rayo  prcEicut 
at  tho  point  of  Intsreat.  An  j-ipprocdmulvo  value  of  f  can  bo  found  when  t’le  HVL 
of  the  x-ray  beam  is  knounr. 

Henuuroaent  of  tho  HV],  of  the  x-ragr  boai  iipccifiod  above  gave  a  value 
of  1*01  mm*  of  copper*  Using  this  value,  f  for  water  le  found  from  oalou- 
latlono  rei3artsd  in  the  lltei'ature  (iB)  to  be  0*9^2  rads/roontgen*  Insei'ting 
this  value  and  the  cobalt‘'60  data  in  t/he  equation,  irg  find 


®  rads 
^  min'" 


«  2*705 


In  the  actual  measureciont,  tho  tubo  was  packed  with  a  sectioQ  of 
watcr-flllod  dialysis  tubing  trith  ends  tied  off,  and  tho  cavity  Vlctoracn 
chamber  tipi  (ooalod  with  n  firnor  cot  &a  previously)  inoei'ted  into  an  in- 
vaginated  necticn  of  tho  tubing.  The  repi’oduoibility  of  the  rcoasurenientP 
made  in  thio  way  (0*Si5)  was  caisidorably  better  than  tho  constancy  of  thci 
x-rsy  tube  ourroat  (35^)* 


11»3 


Blol^agioal  latarlala  Mid  Mthodao  Mice  uaad  in  this  e^qMrlmsnt 
Mrs  Camortlli  Faru  oaged  not  sere  than  12  por  stalnloaa  steel  cage 
(7"  9”  V,  13*  L)  In  vhloh  food  (Rookland  Mouso  Diet)  and  drinking  water 

were  avallSI^  ed  llbAtoa*  All  oages  ware  housed  in  a  single  alr-oo^tloned 
room  with  tsqparaiare  he!ld  at  25  *  2®  C*  The  oages  were  inspeotod  for  dead 
nioe  dally,  and  cleaned  waSMy»  Both  proton  and  scHray  irradiations  were 
oarried  on  during  three  suooeaslTe  ^  to  8  hour  periods  spaoed  2U  hours  apart. 
Thr  the  first  partod,^aalo  ndoo  19  •  1  weeks  of  age  were  used|  for  the  second 
period,  male  nioe  17  -1  weeks  of  age  vooro  used|  for  the  third  period,  male 
mloe  15-1  and  female  cdoe  15  -  1  weSko  of  age  ware  used.  The  aloe  used  in 
any  partieular  period  wore  randoadaed  Just  psdor  to  the  beginning  of  that 
poidod,  autle  and  feBude  groiqpa  used  in  the  third  period  being  randooleed 
separately  and  the  groups  kept  separate. 

Chandoal  agonta  used  in  this  study  ware  made  tqs  in  eonoantratlons 
that  permitted  the  use  of  an  Injeotlon  ▼olums  oogrrespondlng  to  less  than  2^ 
of  the  body  tiaighi  of  the  mouse.  FAFP  was  prepared  by  dissolving  C.Pd  grade 
reagent  in  prorylene  glyool  lAiii  gentle  heating  and  then  diluting  with  an 
equal  volmDa  of  trlple-distllled  water.  The  oonoantration  of  the  final  so¬ 
lution  was  3  n9i./al\Iilitei*o  A  fresh  solutlan  was  prepared  eaoh  2-3  hours. 

MBA  was  prepared  by  dlaaolvlng  the  C.P.  grade  reagent  in  triple-distilled 
Mtar.  The  eoncentration  of  the  final  solution  was  22.5  mffi./al.  A  fre^ 
solutioa  was  propared  eaoh  hour.  Control  sloe  reoelved  one  or  the  other  of 
the  above  diluents,  aa  described  below^ 

In  the  proton  Irradlatlone,  mice  were  prooeseed  in  batohea  of  nlnet 
three  nioe  reoelved  30  sgauAs**  of  PAPP,  three  mloe  received  22.5  mpB.A0*e 
MBA,  two  nioe  reoelved  water  only,  and  one  mouse  received  the  propylene  glyeol- 
water  mixture  only.  The  f ollouing  batch  of  nine  was  prepared  Identloally,  ex- 
oept  that  two  mloe  reoelved  propylene  dycol-watar  mixtwe  only  and  one  mouse 
reoelved  only  water.  All  suooeedine  batches  altomsted  in  this  way. 

Injections  were  given  Intraneritoneally  using  a  1  ml.  syringe  and  26 
gangs  noodln,  1/2  inch  long.  After  injeotion,  mloe  ware  i^oed  in  vented 
tubes.  A  delay  of  five  minutee  was  interposed  between  the  end  of  the  in- 
Jootions  and  the  start  of  irradiation,  during  whleh  time  the  tuibes  ware  placed 
at  spedfio  looatlODS  on  the  lucite  plats.  The  plaeemmt  of  txdbee  alternated 
betireen  tbs  two  oonflguratlens  shown  in  Figure  2  to  obtain  good  dose  uniformity. 
As  ssntlaned  prevlou^,  the  plate  oontalnlng  tubes  and  aloe  moved  vertloally 
\ip  and  down  past  the  fixed  beam  continuously  during  irrsdiatlone  After  de» 
llvagrlng  e  meaeured  radiation  does  to  this  batch  of  nioe,  the  tubes  were  re¬ 
moved,  and  the  mloe  sorted  into  appropriate  oages.  The  propylsne  glyool  and  the 
water  control  mloo  were  oaged  together,  but  ware  permanently  auuiced  so  as  to 
be  distingulshablo.  The  female  control  nioe  were  given  water  only. 

The  x-rigr  irradiations  comaonoed  one  week  after  the  end  of  the  proton 
Irradiations.  Tlie  biological  prooedurss  used  for  irradiations  w«re  exactly 
oomparable  with  those  used  for  proton  irradiations,  except  that  the  mloe  were 
preoeesed  In  batohea  of  twelve. 


Rosults 


Iho  (mmilstive  per  coat  aortalii^  aftor  30  dogrCf  £,  is  showa  in 
Table  2*  The  atandard  derlatlon  la  calculated  on  the  aosuBtptlaa  that 
deatha  within  each  grotqp  of  nice  at  a  particular  dose  level  ob<^  bincodal 
atatlstica»  and  that  the  per  cent  nartklltiy  observed  in  this  aan^lo  ia  a 
reasonable  eatlmate  of  the  per  cant  ucrtalitgr  that  would  be  observed  in  a 
large  population  of  ndoeo  The  nuiaber  n  la  the  original  number  of  adee  ir^ 
radiated*  not  Inoluding  emy  that  diod  duri  ng  irradiation  or  diirlng  the 
first  two  daQOJ  poat-irradlatione  In  the  oontrdl  groups*  the  nudbor  of  nice 
exoluded  fron  analysis  due  to  imedlate  death  (during  in'odiatlon)  or  due  to 
ohort*tem  death  (two  days  post»irradiatlon)  is  negligible.  In  grot^s  re^ 
oelvlng  >EA  boforo  irradiation*  the  o::^:olvdcd  i£i.co  cosipri&e  about  cf 
the  ini.tlai  nunbcri  in  groups  receiving  PA??*  abcait  TiiO  three  ego 

groups  Irradiated  during  tl»  three  oucceseivt)  treatment  periods  all  exhibited 
esaentiaJly  the  sane  survival  behavior  m^d  the  groups  were  pooled  fw  anally- 
SlSo 


The  data  In  Table  2  is  plotte>d  la  Figures  3  through  10,,  inclusive,  in 
problt  unite  of  laortalitr  versuc  dosso  The  str’aight-Une  fits  to  those  data 
have  boon  ootlmated  by  eyo^  W-on  addlticnal  data  at  higher  doess  are  ob¬ 
tained  from  eoeporiraents  nwr  in  proi^cration*  a  uaximm-liheLlhood  fit  of  Hio 
data  will  bo  calculated.  It  should  be  p'lasiblo  from  such  caloitlatiflcs  to 
determine  in  an  unamblguoua  way  wljothar  tho  linear  regression  of  mortality 
la  cn  dose*  Icgaidthm  of  dose*  or  seme  other  function  of  dO{ie.>  A  plot  cf 
ths  present  data  against  log  doso  did  not  rovoal  aiiy  striking  irpravCiSent 
In  linearity. 

For  each  estimated  straight-line  fit  to  tho  data,  the  dose  producing 
50(3  moi'tallty,  t),  and  tho  elope  of  the  line*  ^  moasured  In  problts  par  rad, 
oan  bo  obtained.  Those  voluos  nre  collected  in  Table  3. 

Tho  do3o  reductlca  factor*  IKP,  is  a  convaatial  ruid  usoilil  index  of 
protector  offoctlvoness  indopondontly  of  any  furthar  Ir^jlicj^tinnn  that  tho 
mortality  cirvcs  providing  that  number  may  havo.  The  .  same  be  said  for 
tho  relative  biological  offectivoness*  RBj5«  Wiea  protection  against  two 
different  types  of  radiation  afforded  by  a  einglo  protector  aro  boing  ecu- 
pared*  a  loglcol  oxtenslai  of  DRP  end  KBE  indices  is  obtained  by  defining 
relative  protootive  effectlvonoss  (EPS)  cs  tho  ratio  of  dosos  of  two  differ- 
out  types  of  radiation  producing  mortality  by  30  dc^  when  the  ocae  pro¬ 
tective  substance  is  used  In  the  ame  way  ageinst  both  x'sdlatiloneo  An  EPS 
is  essentially  an  EBB  modified  tho  use  of  the  proteotor.  With  this  crlen- 
tatloo,  the  values  In  Table  U  hero  bssn  calculated  fTon  those  of  Table  3o 

An  RHS  of  0*72  io  not  vnoxpcctcd  since  tho  linear  energy  trrjiofer 
(L3T)  of  1|I|0  Kov  protons  io  about  0.29  Kv/aierm  while  that  for  tho  x-rays 
uBod  here  if  about  Ji-5  tlBcs  this  vaJjiSc  Both  PAPP  and  HEA  produce  ERF* a 
apisrociably  greater  than  imity,  Htnrsvor,  \dxile  fa?  protons  tho  HEA  appears 
liia-e  offectivo  than  PAPP,  fca’  x  -rtyc  tho  situation  is  roveresd,  Diffcrcaoeo 
in  proteoticn  bo-tween  the  coiapounds  can  be  seen  also  fi’om  the  RPE  values 
for  which  a  factor  2  dlfforenco  exists * 
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Figaro  3"  Doso-ciortaLity  data  for  CPj^  roIIo  nd.cG  eeqpoaed  to  whole-body 
proton  irradiation^ 
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Figure  U.>  Doso^flKJrtnllty  data  for  CFj.  male  nice  eJ^oeed  to  whol©- 
bo<!t3r  proton  Irradiation  following  the  adninietration  of  30  ngn^*  PAPP/kgja<> 
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Figure  $0  Do^e‘^oortality  data  for  CFi  n&le  mice  exposed  to 
vhola-'bO(^  proton  irradiation  following  the  odninisfcration  of  225  wgtao 
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Figure  90  Dosc  -isortality  data  for  CF«  mala  nico  exposed  to 
VThole-body  x-irradiation  folloirlng  the  Bdnjinls  traiion  of  225  tngx- 
KEA/kgntr. 
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Figure  10  Dose-mortality  data  for  CF]^  ^qb^OLo  mice  ejposad 
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Th&  moan  doae^  D;  for  fonalc  controls  is  not  approclabljr  dlfftsreut 
for  either  the  males  or  betveon  protaos  and  x>rays«  The  slopes^  b*  h^iH- 
every  are  mero  steep  than  those  for  males  for  both  radiaticnjso  *~ 

The  distribution  of  deaths  as  a  funotion  of  tdae  within  a  grajp  of 
ndoe  that  received  a  given  dose  and  a  given  treatment  also  provides  useful 
information  for  protection  studies^  These  data  are  presented  in  hodi^aph 
fom  in  Plgura  U  for  the  939  rad  proton  groups^  Although  the  total  uiBdl)er 
of  mioo  Involved  Is  too  small  to  pomlt  a  quantitative  dlscurslony  a  riuBher 
of  qualitative  observaticsis  can  be  aadoo  Flrsty  in  the  oontrol  group,  thare 
appear  to  be  two  distinct  periods  during  which  the  death  rate  sodiibltii  peaksy 
one  at  about  6>0  days  and  the  other  at  about  22  da/So  Seoondy  a  ooopirable 
pair  of  peaks  is  seen  in  the  PAP?  groupy  with  none  slight  evidence  of  a  shift 
in  the  peaks  toward  later  tlmos.  Thdrdy  in  the  MEA  group,  only  a  single  peak 
existsy  and  this  peak  seems  also  to  be  shifted  to  a  olightly  later  tiiio  than 
the  oonparable  first  peak  of  the  PAPP  group.  The  implication  of  these  re^ 
suits  is  that  PiPP  and  tlEA  delay  the  onset  of  death  in  proton-irradiated  sLos 
and  pr<dLong  the  survival  time. 


Diaouasian 


Per  tbs  following  discussion,  ve  shall  assums  that  the  data  on  mor¬ 
tality  is  best  represeeted  as  a  linear  relation  between  the  mortality  prebit 
2  and  the  abeorbed  radiation  dose  D.  If  future  work  indicates  that  t!is  de¬ 
pendence  of  2  ia  on  some  function  of  D  (oog.,  log  D)  rather  than  D  itrielf,  it 
will  be  neoescary  to  aubstltute  that  Function  wEerovor  D  appears  nowo  Other¬ 
wise,  the  analysis  should  I'emain  unchanged.  " 

ST;q>po8e  the  aiortslL'^  data  satisfies  the  linear  relation  y  ■>  5  ^  b(D-D) 
where  2  the  prbblt  ocrrespocdlng  to  the  mortality  produced  by  the  dose  D. 

The  dose  B  ie,  tbereforo,  that  which  results  In  s  problt  y  «  5>  in  otlisr  wards, 
$GJi  mortality.  The  slope  b  is  the  rate  at  which  the  mcrtulty  probit  inoreaoes 
with  increasing  dosoo  The^two  oonsteoxts  ^  and  b  ccnpletoly  characterise  the 
response  of  the  system.  "* 

Tliere  are  at  least  ^^ce  easily  specified  ways  in  which  a  chC3:iioal 
agent  night  alter  radiation  response  as  determined  by  ouanilqtlvo  mortality 
meas\8*Qd  ct  30  days.  The  sinplos-t  would  be  one  in  which  the  chemical  agent 
did  net  alter  the  dOBe-rerponso  propertAoo  of  the  blclogical  eystom  It.self, 
that  is,  the  large  mcleculos  ccopcjlng  the  syntoa,  but  acted  to  decretise  by 
a  constant  factor  the  abaorbed  dose  effective  in  producing  mortality  liy  its 
action  on  large  moleciilos.  Such  might  be  the  case,  for  exaap?je,  if  tlia  agent 
scavenged  frea  radi-cals  produced  in  water  by  the  radiation.  The  regression 
equation  for  treated  mice,  y'  ®  5  ♦  b*(D-5'),  should,  therefore,  bo  ol>tatnar> 
ble  froa  that  for  \iatroatod  mice,  y  *■  5  ^  b(D-B),  simply  by  sobstitut!.ng  in 
the  latter  for  D  the  value  where  vCls  leas  than  1.  Vs  would  t^lsn  ob¬ 
tain  y*  ■  5  •>  bTi(D-B/:t’'.  ITjus,  botJi  the  dope,  b*  ■  b«?,  and  the  5<?>  inter¬ 
cept,  D*  »  D/oC,  would  be  dlffcrvint  when  treated  nnd  untreated  oases  irero  oan^‘ 
pared.  But  more  importantly,  a  specific  rolation  would  exist  between  the 
constants,  namely. 


bD  »  b»D‘ 
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If  tvo  typoa  of  radiation  diffecr  5.n  their  average  LET  9  one 
argue  on  the  baela  of  an  analyais  oindlar  to  the  abonro  that  the  mortality 
ounree  produced  by  tbeae  radiations;  should  also  aatlafy  a  relation  of  the 
type  subaoripta  denoting  the  tvo  different  types  of  radl»< 

atloQ. 


The  two  other  modee  of  altorJlng  radiation  response  trould  both  in« 
▼olva  on  actual  ohange  in  the  dose^rosponso  parameters  idien  the  choalual 
agent  was  glveao  One  would  alter  the  rate,  b,  at  vhloh  norta^iily  FroidLt 
ohanged  with  dosej  the  other  would  a].tar  tholabsolute  amount  of  doso  re» 
qxdrcd  to  bring  the  cwrtality  prjobit  to  soae  selected  valuo^  oay  that 
oorreeponding  to  mortality*  D*  ^  A  change  in  the  slop®  b  clearly  rotates 
the  regression  line  about  tho^dolb  Dj  a  change  In  S  ohiftB*’thQ  lino  ptirallol 
to  itself  o  Of  course*  b  and  5  mighT  both  olango*  But  in  this  case  there 
need  not  bo  toy  relation  betvjoen  th.o  b  and  D  values  for  treated  md  uji- 
treated  groups o  **  " 

Considering  the  b'D  values  of  Table  3*  one  sees  that  an  apnradmate 
eonatenoy  of  the  product  exists  between  proton^ontrol  and  x»ray  oout’ol 
groups*  «id  also  between  proton-control  and  proton-PAPP  ^oups.  Tho  re¬ 
lation  of  proton  and  x-rej''  curves  is  explicable  on  tho  basis  of  the  a:.*go>- 
ments  gj.ven  earHero  Such  a  relation  for  the  PAPP  cui-vo,  and  its  absfjnce 
for  the  MEA  curve*  sugf'ost  that  the  proteotion  neohanlsn  for  PAPP  at  low 
levels  of  LET  night  involve  a  mere  nveroly  plyslcal  machanicc  than  that  for 
MEAj  end  that  at  higher  levels  of  lET*  neither  substance  acts  in  such  purely 
phy^cal  fashion# 


Sumr?gry 

lo  A  method  of  proton  and  x-ray  donimstry  using  a  Victoreon  chamber  charge-* 
caUbratsd  against  e  ooba3;fc^0  gasima  eourco  producing  a  knovm  fie?d  is 
described# 

2e  Tho  radlcprotcotivo  action  of  PAPP  and  KEA  against  30-day  lothali  iy  and 
rate  of  death  in  Cl\  nice  exposed  to  \;hole«body  hhO  Mev  protons  :ls  do- 
sci’ibod  aad  cooipared  vdth  that  fca-  250  Kvp  x-raysc 
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